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Being  the  Inaugural  Address  delivered  before  the  Edinburgh  Oeologieal  Society  u  /  - 
its  44th  Anniversary  Meeting  on  the  27th  November,  1877. 

By  H.  Allbynb  Nicholson,  M.D.,  D.So.,  F.E.S.E.; 

Professor  of  Natural  flistory  in  the  University  of  St.  Andrews,  and  Swiney  Lecturer 

on  Geology. 

SINCE  its  foundation  as  a  Science,  at  the  beginning  of  this  century, 
by  the  illustrious  Cuvier,  Palseontology  has  progressed  with  an 
astonishing  rapidity;  and  though  theoretically  belonging  to  the 
twin  sciences  of  Zoology  and  Botany,  its  domain  is  now  so  vast,  and 
the  number  of  facts  which  it  has  accumulated  is  so  great,  that  it  has 
every  claim  to  rank  as  a  distinct  department  of  knowledge,  which 
cannot  be  fuUy  mastered  except  by  those  who  make  it  the  subject 
of  special  study.  That  the  number  of  these  is  daily  increasing  is 
shown  conclusively  b}'  the  increased  number  of  systematic  works  on 
Palaeontology  which  have  appeared  of  late  years,  and  not  less  by 
the  character  of  these.  Two  of  these  treatises,  both  as  yet  but 
partially  published,  may  be  singled  out  for  mention  in  this  con- 
nexion— ^namely,  the  "  Handbuch  der  Palseontologie  "  by  Professors 
Zittel  and  Schimper,  and  the  new  *'  Lethaea  Geognostica "  by  an 
association  of  German  palseontologists.  The  former  of  these,  if  carried 
out  with  the  fulness  and  accuracy  which  distinguish  its  first  portion, 
will  be  one  of  the  most  valuable  and  important  treatises  on  system- 
atic palaeontology  which  we  possess  in  any  language,  and  will  be 
a  fitting  companion  to  the  classical  treatises  of  Pictet  and  D'Orbigny, 
though  it  will  not  supersede  either  of  these  honoured  works.  Of 
the  second  of  these  only  the  first  part,  embracing  the  Atlas  of 
Plates  of  Palaeozoic  fossils,  has  as  yet  been  issued  ;  but  if  the  text  be 
equal  to  the  plates,  and  if  the  various  sections  of  the  work  are  under- 
taken by  men  as  eminent  as  Ferdinand  Roemer,  the  new  "  Lethaea 
Geognostica "  will  undoubtedly  form  an  indispensable  item  in  the 
library  of  every  working  palaeontologist 

If  it  be  the  Germans  whom  the  student  has  to  thank  for  these 
new  systematic  treatises,  it  is  to  the  English-speaking  races  that  we 
owe  the  latest  attempts  to  reduce  the  present  chaotic  condition  of 
palaeontology  to  order,  by  establishing  a  bibliography  of  the  science, 
and  by  the  preparation  of  catalogues  of  the  fossils  of  particular 
formations  or  of  particular  countries.  In  carrying  out  the  first  of 
these  ends,  the  successful  foundation  of  the  ''  Geological  E.ecoTd** 
must  be  regarded  bb  a  great  step  in  advance.    lu  t^ia  \a\i\.\iai\Ai^^ 
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but  neoesfl^rlly.^ry,  publication  the  student  will  find  the  titles  of 

all  work^.abd   papers  on  geological   or  paladontological    subjects 

publisbe^^  during  the  current  year  throughout  the  world,  together 

with,  in'.nipst  cases,  a  short  summary  of  their  contents.     The  value 

of  su{fh*.'{t  record  of  contemporaneous  work  can  hardly  be  over- 

estima^'d.     But  in  order  to  briag  this  subject  to  ideal  perfection,  it 

will' -be' necessary  that  there  should  be  prepared  for  each  country  a 

cct^plete  bibliographical  and  descriptive  catalogue  of  all  works  and 

menroirs  dealing  with  its  palseontology,  which  have  been  at  any  time 

/•ijiiinished.     As  regards  the  Invertebrate  Palajontology  of  the  North 

./v4\nerican  Continent,  such  a  "Bibliographical  Report"  is  now  in 

•••)•  process  of  preparation   by  Prof.   C.   A.   White  and    the    author, 

>^' , .  /  and  I  hope  to  see  the  thankless  and  laborious  but  useful  task  of 
'•*     preparing  a  similar  bibliographical  record  of  British  palaeontological 

/        literature  ere  long  undertaken  by  some  public-spirited  palaeontologist 

As  regards  the  second  point  to  which  I  have  adverted,  namely 

the  preparation  of  catalogues  of  the  fossils  of  special  formations  and 

special  countries,  something  has  been   already  accomplished,  and 

very  much  is  in  process  of  actual  accomplishment. 

Amongst  work  of  this  kind,  which  has  been  already  done,  the  first 
place  is  due  to  the  well-known  "  Thesaurus  Siluricus  "  of  Dr.  Bigsby. 
It  is  to  be  regretted,  however,  that  this  veteran  geologist  did  not 
enhance  the  usefulness  of  his  valuable  and  laborious  work  by  the 
citation  of  the  references  to,  at  any  rate,  the  original  descriptions 
of  all  the  species  catalogued ;  and  it  is  to  be  hoped  that  this  defect 
will  be  remedied  in  the  "Thesaurus"  of  Devonian  and  Carbon- 
iferous fossils  which  he  is  now  engaged  in  preparing.  In  the  re- 
cently published  "  Catalogue  of  the  Genera  and  Species  of  American 
PalsBozoic  Fossils,"  by  Mr.  S.  A.  Miller,  references  to  the  original 
descriptions  of  all  the  species  quoted  are  given,  and  the  usefulness 
of  the  work  to  students  is  thus  greatly  increased.  The  fna^tiifi 
opus  in  the  way  of  catalogues,  however,  is  the  "  Stratigraphical 
Catalogue  of  British  Fossils,"  *  now  in  course  of  publication  by  Mr. 
Eobert  E  the  ridge,  the  appearance  of  which  will  be  hailed  by  every 
student  of  Palaeontology.  A  large  portion  of  this  gigantic  under- 
taking has,  I  believe,  already  passed  through  the  press,  and  the 
general  plan  upon  which  it  is  constructed  is  both  scientific  and 
comprehensive.  Not  only  is  each  recorded  British  species  cited 
under  its  proper  place,  but  the  quotation  of  each  is  accompanied 
by  a  reference  to  the  work  or  works  in  which  it  has  been 
described,  together  with  a  full  synonymy  of  the  species,  and  a 
statement  as  to  ita  known  range  in  time  and  space,  along  with  a 
list  of  the  British  localities  in  which  it  has  hitherto  been  discovered. 
Mr;  Robert  Etheridge,  jun.,  following,  hand  impart  passu,  in  the 
steps  of  his  distinguished  father,  is  engaged  in  the  publication  of 
a  similar  exhaustive  Catalogue  of  Australian  Fossils,'  the  general 

^  A  Stratigraphical  Catalogue  of  British  Fossils.  By  Rohert  Etheridge,  Esq., 
F.R.S.,  L.  &  E.,  F.G.S.    4  vols.  4to.     Clarendon  Press,  Oxford. 

'  A  Catalogue  of  Australian  Fossils  (including  Tasmania  and  the  Island  of 
Timor),  Stratigraphically  and  Zoologically  arranged.  By  Robert  Etheridge,  Esq., 
jun.^  F.G.S.    1  Tol.  8to.    UniTersity  Press,  Cambridge. 
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plan  of  which  is  equally  comprehensive ;  and  I  am  glad  to  learn 
that  this  important  oontrihution  to  our  science  is  not  only  actually 
completed,  hut  that,  through  the  liberal  spirit  of  the  University  of 
Cambridge,  its  publication  has  been  secured,  and  it  is  now  passing 
through  the  press.  When  we  shall  have  once  secured  a  series  of 
catalogues  of  this  nature,  dealing  with  the  fossils  of  every  country, 
we  may  for  the  first  time  expect  that  the  complex  subject  of 
synonymy — at  present  the  curse  and  opprobrium  of  Falsdontology — 
will  be  brought  within  manageable  compass. 

Leaving  the  subject  of  paUeontologicsd  literature,  I  propose  briefly 
to  direct  your  attention  to  seme  of  the  more  important  dis- 
coveries wluch  have  been  made  in  PalsBontology  within  the  last  few 
years;  and  in  so  doing  I  shall  confine  my  short  review  almost 
entirely  to  the  department  of  Palceozoology,  if  only  for  the  reason 
that  I  have  no  claim  to  the  possession  of  more  than  a  general  know- 
ledge of  the  difficult  subject  of  PalsBophytology  or  Fossil  Botany.  As 
regards  this  latter  branch  of  PalsBontology,  however,  I  may  just 
notice  the  very  important  controversies  which  have  of  late  arisen  as 
to  whether  vegetable  or  animal  fossils  are  entitled  to  take  pre- 
cedence in  determining  the  stratigraphical  horizon  and  geological 
age  of  any  disputed  group  of  strata,  and  there  are  at  least  two 
instances,  in  which  these  controversies  have  dealt  with  questions  of 
great  general  interest.  In  one  of  the  instances  to  which  I  allude  we 
find  an  ancient  flora  co-existing  with  a  more  modem  fauna ;  and  in 
the  other  we  have  modern  types  of  plants  associated  with  old  forms 
of  animal  life ;  but  the  problem  to  be  solved  is  essentially  the  same 
in  both  cases.  Thus  in  the  Gas-coals  of  various  localities  in  the  upper- 
most portion  of  the  Bohemian  coal-strata  a  fauna  of  Permian  facies 
(comprising  characteristic  Permiem  species  of  Xenacanihus,  Acan- 
thodes,  and  Palaoniscus)  is  met  with  in  association  with  a  character- 
istic assemblage  of  Carboniferous  plants.  High  authorities,  such  as 
Feistmantel,  Anton  Fritsch,  and  Erejci,  explain  this  upon  the 
theory  that  the  age  of  the  beds  must  be  determined  by  the  character 
of  their  contained  animal-remains,  and  they  conclude,  therefore, 
that  the  deposits  in  question  are  to  be  regarded  as  referable  to  the 
base  of  the  Permian  series,  or  rather  as  passage-beds  between  the 
Carboniferous  and  Permian.  They  regard  this  curious  phenomenon, 
in  fact,  as  being  a  case  in  which  the  flora  of  a  given  region  has 
persisted,  whilst  the  fauna  has  undergone  a  notable  modification. 
On  the  other  hand,  other  authorities  (such  as  Stur  and  Weiss)  are  of 
opinion  that  the  age  of  the  beds  should  be  determined  from  the 
character  of  the  plants,  and  that  the  Bohemian  Gas-coals  are  to 
be  regarded  as  truly  Carboniferous.  The  balance  of  evidence,  how- 
ever, is  at  present  decidedly  in  favour  of  the  former  hypothesis. 

The  second  controversy  to  which  I  have  referred  is  of  much  greater 
importance,  and  concerns  the  boundary-line  between  the  Cretaceous 
and  Tertiary  deposits  of  North  America.  In  the  Old  World,  as  is 
well  known,  there  is  a  great  break  between  the  highest  Cretaceous 
and  the  lowest  Tertiary  sediments — ^a  break  marked  not  only  by 
universal  unconformity,  but  also  by  a  great  change  in  t\ie  c\vdiX«ii^\/bt- 
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istio  fauna  of  the  two  deposits.  On  the  other  hand,  in  North 
America  the  highest  unquestioned  Cretaceous  beds  (the  marine  de- 
posits of  the  Fox-Hills  group)  are  succeeded  by  a  great  series  of 
strata,  well  known  as  the  Fort  Union  or  Great  Lignite  series,  the 
true  stratigraphical  position  of  which  has  been  the  subject  of  much 
dispute.  These  deposits  consist  of  nearly  four  thousand  feet  of 
sandstones,  shales,  and  beds  of  lignite,  which  rest  qtiite  conformably 
upon  the  unquestioned  Cretaceous  deposits  of  the  Fox-Hills  group 
below,  and  which  are  succeeded  unconformably  by  unquestioned 
beds  of  Tertiary  age.  In  their  lower  portion  they  contain  a  number 
of  marine  organic  remains,  but  these  gradually  disappear  as  we 
ascend  in  the  series,  and  its  upper  portion  is  generally  characterized 
by  the  remains  of  land  and  fresh- water  shells,  associated  with  a  Tast 
abundance  of  vegetable  fossils,  chiefly  of  tlie  nature  of  detached 
Dicotyledonous  leaves.  The  difficulty  of  the  problem  as  to  the  real 
age  of  this  great  and  remarkable  deposit  arises  chiefly  from  the  £act 
that  its  marine  fossils  are  fundamentally  of  Cretaceous  type,  whilst 
the  remains  of  plants  have  an  equally  distinct  Tertiary  fades.  Thus 
we  find  such  characteristic  Cretaceous  Mollusca  as  InoceramuSy  Ammo- 
nitea,  Baculiies,  and  unquestionable  Dinosaurians  (Agaihaumas)  side 
by  side  with  a  luxuriant  flora  of  an  essentially  Tertiary  aspect, 
comprising  such  modem  genera  as  Quercus,  Acer,  Populus,  Ulmug, 
MoruBf  Fagus,  Juglans,  Alnus,  Corylus,  Ilex,  Flatanus,  Ficus,  OinML- 
momum,  Smilax,  Laurus,  Bhamnus,  Magnolia,  Eucalyptus^  Thwya, 
Sequoia,  Abies,  Taxodium,  Sabal,  etc.  Whilst  this  association  of 
Cretaceous  animals  with  Tertiary  plants  is  undoubted,  much  difier- 
ence  of  opinion  obtains  as  to  how  it  ought  to  be  interpreted.  On  the 
one  hand,  high  authorities,  such  as  Dr.  Heer,  and  Professors 
Lesquereux  and  Dana,  are  of  opinion  that  the  plants  ought  to  carry 
the  day,  and  that  the  Lignitic  Group  ought  to  be  considered  as  the 
base  of  tlie  Tertiary  series.  On  the  other  hand,  equally  high  authori- 
ties, such  as  Meek,  Hayden,  Cope,  and  Stevenson,  are  of  opinion 
that  the  fauna  carries  more  weight  than  the  flora,  and  that  the  Fort 
Union  or  Lignitic  series  should  be  regarded  as  truly  the  summit  of 
the  Cretaceous.  To  this  view  Prof.  Newberry,  who  is  in  the  rare 
position  of  having  attained  almost  equal  eminence  in  PalsBozoology 
and  Palssobotany,  gives  his  adhesion,  and  it  is  to  be  considered  as  in 
every  respect  the  most  probable  view,  if  we  take  into  account  the 
fact  that  itie  disputed  series  is  admittedly  overlain  unconformably  by 
strata  of  undoubted  Tertiary  age.  Upon  the  whole,  then,  when  we 
take  into  consideration  the  general  unreliability  of  terrestrial  or 
freshwater  mollusca  as  tests  of  age,  and  also  the  often  unsatisfactory 
nature  of  stratigraphical  conclusions  based  upon  vegetable  remains 
only,  I  think  we  can  hardly  avoid  arriving  at  the  opinion  that  the 
Great  Lignitic  series  of  North  America  is  truly  Cretaceous,  though 
probably  of  a  later  date  than  any  of  the  recognized  Cretaceous  de- 
posits of  the  Old  World. 

Coming  next  to  the  Invertebrates,  we  find  that  the  last  decade  has 
been  prolific  in  discoveries  and  determinations  of  great  interest  and 
importance,  only  a  very  few  of  which  I  can  notice  here,  even  in  the 
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briefest  manner.  The  first  point  in  this  oonnexion  which  demands 
our  attention  is  the  immense  benefit  whioh  has  resulted  to  palason- 
tology  from  the  introduction  of  the  microscope  as  an  absolately 
indispensable  instrument  of  palsBontological  research.  The  old 
''macroscopic"  method  of  investigation,  as  the  Germans  have 
happily  termed  it,  has  been  definitely  abandoned ;  and  no 
palaeontologist  would  now,  except  under  special  circumstances, 
describe  any  doubtful  or  problematical  Invertebrate  fossil  without 
previously  having  subjected  it  to  a  rigid  examination  by  means 
of  the  microscope,  at  any  rate  in  all  cases  in  which  his  speci- 
mens would  allow  of  this  mode  of  examination.  It  is  impossible, 
indeed,  to  exaggerate  the  immensely  increased  powers  of  observation 
and  description  which  palsBontologists  have  acquired  by  the  practice 
of  making  transparent  sections  of  fossils,  suitable  for  microscopic 
examination.  Already,  the  results  of  this  method  of  inquiry  have 
proved  extremely  important,  and  when  its  adopticm  has  become  more 
universal,  we  may  expect  an  even  more  remarkable  increase  of  our 
knowledge  as  to  the  intimate  structure  of  many  extinct  forms  of  life, 
which  are  at  present  but  very  imperfectly  understood. 

Few  departments  of  Invertebrate  Palseontology  have  shown  the 
beneficial  effects  of  the  introduction  of  the  microscope  into  palsBonto- 
Ic^cal  investigations  more  strikingly  than  is  exemplified  by  the 
Protozoa,  I  could  not  adduce  a  better  instance  of  this  than  is  afforded 
by  the  remarkable  and  beautiful  series  of  fossil  sponges,  which  have 
been  generally  grouped  together  under  the  name  of  VentrieulitidcB, 
Though  well  known  by  their  remarkable  external  configuration,  and 
unhesitatingly  classified  in  accordance  with  this  character  alone  into 
genera  and  species,  we  had  until  lately  really  very  little  genuine 
knowledge  as  to  the  structure  and  affinities  of  these  old  types  of  life. 
They  were  originally  regarded  either  as  homy  or  as  primitively 
calcareous  sponges,  which  had  undergone  silicification ;  and  it  was 
upon  this  view  that  lyOrbigny,  Fromentel,  and  other  observers  re- 
garded them  as  a  special  group,  to  which  the  name  of  Peirotpongiada 
was  given.  We  know  now,  however,  that  the  Ventrie\dit%da^  and  a 
number  of  other  equally  interesting  and  beautiful  groups  of  fossil 
sponges,  dating  from  the  Lower  Silurian,  are  true  siliceous  sponges, 
belonging  to  the  same  great  section  as  the  exquisite  Venus*  Flower- 
basket  and  Bird's-nest  Sponges  (Euphctella,  JSbUenia,  etc.)  and 
other  SUicispongicB  of  recent  seas,  or,  in  other  words,  to  such  now 
thoroughly  established  divisions  as  the  Hexactinellida  and  LithistidtB. 
While  referring  to  this  subject,  it  is  hardly  out  of  place  to  notice 
the  remarkable  conclusions  which  have  been  reached  by  Zittel 
and  Sollas  as  to  the  condition  of  fossilization  of  these  sponges, 
since  these  conclusions  materially  affect  our  ideas  as  to  the  general 
process  of  fossilization,  and  as  to  the  mode  of  preservation  of  the 
sponges  and  allied  organisms  in  particular.  We  are  all  familiar 
with  what  is  termed  the  **  silicification "  of  fossils.  We  know 
that  it  is  a  very  common  thing  to  find  organisms  in  certain  strata 
in  a  "  silicified "  condition.  In  other  words,  we  knovi  VJaaXi 
fossils  which  we  can  assert  positively  to  have  been  OTigvnsAV^  ^- 
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careous,  suoh  as  Brachiopods,  Lamellibranchs,  Corals,  etc.,  are  often 
found  in  some  particular  deposit  to  have  been  entirely  and  perfectly 
converted  into  flint     Not  only  is  this  silicification  of  calcareous 
orpuiisms  a  very  common  phenomenon,  but  there  is  not  the  least 
difficulty  in  understanding  how  it  occurs,  since  carbonate  of  lime  is 
a  very  soluble  substance  and  flint  is  a  very  insoluble  one.     Hence, 
any  calcareous  fossil,  if  subjected  to  percolation  by  water  holding 
silica  in  solution,  would  be  liable  to  have  its  lime  dissolved  away, 
and  replaced  by  the  more  intractable  flint     It  is  asserted,  however, 
tliat  in  the  case  of  the  fossil  sponges  of  which  I  have  been  speaking, 
as  well  as  of  some  other  fossils,  the  reverse  change  sometimes  takes 
place,  and  that  a  structure  originally  siliceous  becomes  oonverted  into 
ctirbonate  of  lime,  or,  rather,  becomes  replaced  by  this  substance. 
It  must  be  admitted  that  it  is  at  present  very  difficult  to  comprehend 
how  a  skeleton  of  comparatively  insoluble  silica  should  be  dis- 
solved away,  and  should  be  replaced  by  the  very  readily  soluble 
calcite,  but  the  researches  of  Zittel  in  particular  seem  to  leave  no 
doubt  as  to  the  fact  that  siliceous  sponges  have  occasionally  under- 
gone this  change.     The  bearings  of  this  discovery  upon  our  investi- 
gations of  the  lower  Invertebrate  fossils  are  very  wide  indeed,  and  I 
can  only  point  out  here  that  in  the  absence  of  direct  evidence,  we 
must  rely,  in  doubtful  cases,  upon  the  condition  of  fossil ization  ex- 
hibited by  associated  fossils,  the  original  nature  and  constitution  of 
which  is  beyond  doubt     If  we  take,  for  example,  the  singular  and 
problematical  fossils  grouped  together  at  present  under  the  name  of 
JStromatopora,  which  I  have  had  especial  occasion  to  study,  we  find 
that  some  specimens  exhibit  a  skeleton  of  flint,  whilst  others  show 
one  of  lime  ;  and  the  question,  therefore,  arises,  whether  the  siliceous 
or  the  calcareous  skeleton  is  really  the  original  one  ?    We  find,  how- 
ever,— at  least  this  is  my  experience, — that  the  siliceous  specimens  of 
Stromatopora  occur  in  deposits  in  which  the  Brachiopods  and  Corals 
and  other  organisms  which  were  unquestionably  originally  calcareous, 
also  usually  present  themselves  in  a  silicified  condition.     On  the 
other  hand,  in  those  deposits  in  which  such  calcareous  fossils  as  the 
Mollusca  and  Corals  retain  their  original  constitution,  we  find  that 
the  Stromatopora  are  also  calcareous.   Without,  therefore,  questioning 
Prof.  Zittel's  conclusions  as  to  the  mode  of  preservation  of  the  fossil 
Hexactinellids,  it  remains  certain  that  the  question  as  to  the  originally 
siliceous  or  calcareous  constitution  of  any  particular  class  of  fossils 
will  have  to  be  settled  by  an  appecd  to  the  rocks  in  which  these 
fossils  occur,  and  cannot  be  decided  simply  by  an  examination  of 
isolated  specimens  in  the  cabinet  of  a  collector.     Moreover,  without 
at  all  doubting  that  Zittel  has  proved  his  case,  as  regards  the  parti- 
cular fossils  which  he  has  had  under  examination,  we  cannot  avoid 
the  conclusion  that  the  replacement  of  silica  by  ccu'bonate  of  lime 
must,  in  the  nature  of  things,  be  an  unusual  phenomenon,  and  that, 
so  long  as  we  are  ignorant  of  the  precise  method  trader  which  it  is 
effected,  we  are  bound  to  suppose  that  all  fossils  which  are  found  to 
be  sometimes  siliceous  and  sometimes  calcareous  are  really  composed 
of  carbonate 'of  lime,  unless  distinct  and  incontrovertible  evidence  to 
tlie  contrary  can  be  adduced. 
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The  Protozoan  Group  of  the  Badiolaria  has  been  recently  shown 
to  have  a  much  wider  range  in  time  than  had  been  previously 
imagined,  examples  of  it  having  been  lately  detected  in  the  Carboni- 
ferous Limestone  of  Cheshire.  These  old  types  are  apparently 
identical  with  the  existing  Folycystina,  and  their  tests  are  siliceous. 
We  must  not,  however,  altogether  lose  sight  of  the  possibility, 
though  a  very  remote  one,  that  these  siliceous  shells  were  primitively 
calcareous,  and  that  they  have  simply  undergone  silicification.  If 
this  were  really  the  case,  we  should  have  to  believe  that  there 
existed  in  the  Carboniferous  seas  a  group  of  Ehizopods  possessing 
shells  similar  to  those  of  the  recent  Folycystina  in  shape,  but 
composed  of  lime  instead  of  flint 

As  regards  the  fossil  forms  of  Foraminifera  our  knowledge  has 
been  greatly  increased  of  late  years  by  the  researches  of  H.  B. 
Brady,  Eupert  Jones,  Terquem,  Hantken,  and  other  well-known 
workers  in  this  difficult  field.  Unquestionably  the  most  important 
accession  to  the  literature  of  this  subject  is  Mr.  Brady's  masterly 
"  Monograph  of  Carboniferous  and  Permian  Foraminifera  (the  genus 
Fasulina  excepted),"  published  in  1876  by  the  Palseontographical 
Society.  Among  special  discoveries  in  this  department  the  first 
place  must  be  accorded  to  the  detection  by  Mr.  Brady  of  the  living 
arenaceous  genus  Saccammina  in  the  Carboniferous,  and  to  the 
discovery  by  the  same  distinguished  observer  that  the  pre-eminently 
Tertiary  family  of  the  Nummulinida  is  represented  in  deposits  as  old 
as  the  Carboniferous  by  no  less  than  three  generic  types  (ArchmdiscWf 
Amphistegina,  and  NummuLina  itself). 

Much  light  has  recently  been  thrown  upon  the  structure  and 
affinities  of  many  of  the  fossil  corals,  not  only  by  the  extension  to 
this  puzzling  group  of  petrefactions  of  the  microscopic  methods  of 
research,  but  also  by  late  zoological  discoveries.  Thus,  Mr.  Moseley 
has  shown  that  the  great  reef-building  genus  Millepora,  so  abundant 
at  the  present  day,  and  extending  backwards  into  the  Tertiary  period, 
is  truly  referable  to  the  class  Hydrozoa,  and  not  to  the  Actinozoa,  in 
'which  it  had  been  previously  placed ;  whilst  the  genus  Stylaater  and 
its  allies  are  also  truly  Hydrozoal.  We  are  thus  introduc^  to  a  new 
subclass  of  Hydrozoa — the  Hydrocorallinm — which  possessed  the 
power  of  building  up  a  calcareous  skeleton,  and  we  may  expect  to 
find  that  these  coralligenous  Hydrozoa  have  played  a  more  important 
part  in  past  time  than  has  hitherto  been  suspected.  Again,  Mr. 
Moseley  has  demonstrated  that  the  living  genus  Heliopora,  formerly 
placed  with  the  Zoanthartan  division  of  Actinozoay  in  the  old  group 
of  **  Tabulate  Corals,"  is  really  a  genuine  Alcyonarian,  and  is  there- 
fore truly  most  nearly  related  to  the  living  Red  Coral,  Sea  Shrubs, 
Organ-pipe  Corals,  etc.  This  important  discovery  at  once  shows  us 
the  true  position  of  a  number  of  ancient  types  of  Corals,  such  as 
Heliolitea,  Flasmopora,  Folytremacis,  etc,  which  are  fundamentally 
most  closely  allied  to  Heliopora.  Thus  the  Alcyonariaj  previously 
unknown  in  deposits  older  than  the  Secondary,  are  shown  to  have 
commenced  their  existence  at  any  rate  in  the  Lower  Silurian  period. 

The  discoveries  just  referred  to,  in  fact,  together  mlTi  ftx^  ifaxtiX\s^ 
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investigations  of  palsaontologists  themselves,  have  greatly  modifod 
oar  conceptions  of  the  old  order  "  TabukLta.*'  and,  in  the  opinion  of 
some,  have  fairly  abolished  this  division.  With  the  removal  of 
MiUepora  to  the  Hydrozoa,  and  of  Heliopora  and  its  allies  to  the 
Alcyanaria,  along  with  the  discovery  by  Verrill  that  Pocillopora  is  a 
true  Perforate  Coral,  the  group  of  the  Tabulate  Corals  has  under- 
gone serious  mutilation,  and  it  remains  for  future  researches  to  show 
whether  it  can  be  retained  as  a  separate  division  of  the  ZoatUkaria, 
In  the  meanwhile,  it  may  be  best  retained  for  various  ancient  types 
of  Corals  which  cannot  at  present  be  definitely  referred  to  otLer 
sections  {Favoaites  f  Chatelea  f  Syringopora,  Haly sites,  eta). 

The  proposal  of  the  late  Prof.  Louis  Agassiz,  adopted  by  many 
American  palasontologists  and  zoologists,  to  remove  the  whole  of  the 
great  group  of  the  Eugose  Corals  to  the  Hydrozoa,  is  not,  in  my 
opinion,  supported  by  sufficient  evidence,  and  is  contradicted  by 
many  considerations  of  great  weight  Judging  both  from  tlM 
structure  of  the  extinct  forms,  and  also  from  that  of  the  aberrant 
living  genus  Edwardsia,  it  seems  best  in  the  meanwhile  to  regard 
the  Bugosa  as  standing  between  the  two  great  sections  of  the 
Zoantharian  and  the  Aloyonarian  Actinozoa. 

Amongst  the  Echinoderms,  one  of  the  most  noticeable  points  of 
progress  is  the  light  which  has  been  thrown  upon  the  structure  of 
the  strange  and  ancient  group  of  the  Ferischoechinida  by  the  dis- 
covery of  the  living  flexible  Echinoids,  Asthenosoma  or  Calfferia^ 
and  Phormosoma.  Not  only  do  we  now  know  that  old  forms  of 
these  singular  types  existed  in  the  Secondary  period  (the  EehifUh- 
thuria  of  the  Cretaceous) ;  but  we  further  know  that  some  of  the 
still  older  Palaaozoic  Perischoechinida  were  furnished  with  imbri- 
cated plates,  this  structure  communicating  to  the  test  a  considerable 
amount  of  flexibility.  Another  point  of  interest  as  concerning  this 
order  is  the  establishment  (through  the  labours  of  Wyville  Thomson, 
Kofe,  Billings,  Wachsmuth,  etc.)  of  the  fact  that  the  mouth  of  the 
Palasocrinoids  was  concealed  beneath  the  perisome,  entirely  hidden 
from  external  inspection,  and  that  the  so-called  "proboscis"  was 
ti'uly  €m  exorementitious  aperture. 

The  remaining  groups  of  Invertebrates  I  must  pass  over  with  very 
scant  notice,  though  our  knowledge  of  their  fossil  representatives  has 
been  immensely  increased  in  various  directions  in  late  years,  and  in 
some  cases  very  interesting  discoveries  have  been  brought  to  light. 
Among  the  Anntdosa,  the  most  noticeable  point  is  the  gradual  exten- 
sion of  our  knowledge  concerning  the  air-breathing  Arthropods — the 
^ra^clinida,  Myriapoda,  and  Insecta — of  the  Carboniferous  period. 
To  this,  as  usual,  that  indefatigable  investigator,  Mr.  Henry  Wood- 
ward, has  largely  contributed.  Among  the  lower  MoUusca,  con- 
siderable additions  have  been  made  to  our  knowledge.  Many  new 
forms  of  Polyzoa  have  been  described,  and  Prof.  Young  and  Mr. 
John  Young  have  shown  us,  in  their  investigation  of  Ehabdomeson, 
how  much  light  may  be  thrown  upon  the  structure  of  these  minute 
and  puzzling  fossils  by  the  method  of  examination  by  means  of 
thin  sections.     Mr.  B.  Etheridge,  jun.,  has  made  the  curious  dis- 
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oovery  as  regards  the  Brachiopoda  that  a  small  Carboniferous 
species  of  Froducta  was  in  the  habit  of  attaching  itself  firmly  to 
foreign  bodies  by  means  of  the  spines  of  the  ventral  valve.  In  this 
department,  also,  Mr.  Davidson  still  continues  to  publish  the  series 
of  supplements  which  will  at  last  complete  his  magnificent  "  Mono- 
graph of  the  British  Fossil  Brachiopoda." 

The  proposal  has  recently  been  made,  and  has  met  with  the 
approbation  of  many  eminent  zoologists,  to  remove  the  groups 
of  the  Folyzoa  and  the  Brachiopoda  to  the  group  "  Vermes,"  and  to 
place  them  in  the  neighbourhood  of  the  Annelida,  l^he  grounds 
upon  which  this  step  is  advocated  are  derived  wholly  from  the 
study  of  living  forms,  and,  indeed,  are  principally  based  upon  the 
similarity  observed  in  the  developmental  processes  of  these  animals. 
This  change,  however,  is  hardly  likely  to  be  accepted  save  by 
those  who  believe  that  £mbryology  is  the  real  key  to  classification, 
and  it  certainly  is  not  at  present  supported  by  any  evidence  afforded 
by  the  study  of  the  fossil  forms  of  Folyzoa  and  Brachiopoda. 

As  regards  the  higher  Mollusca,  an  immense  mass  of  valuable 
material  has  been  accumulated  in  recent  years  by  the  efforts  of  many 
patient  and  able  observers.  It  would  take  up  too  much  time,  were 
I  to  attempt  to  enumerate  even  the  more  important  contributions 
which  have  been  made  within  the  last  decade  to  this  department  of 
palaeontology.  I  cannot,  however,  forbear  a  passing  allusion  to  the 
great  work  on  the  **  Invertebrate  Cretaceous  and  Tertiary  Fossils  of 
the  Upper  Missouri  Country,"  published  last  year  by  Professor 
Meek — a  work  which  is  not  only  in  itself  one  of  the  most  important 
contributions  ever  made  to  the  history  of  the  fossil  Molluaca,  but  the 
appearance  of  which  was  followed,  almost  immediately,  by  the 
lamented  death  of  its  distinguished  writer. 

Passing  on  to  the  Vertebrates,  we  may  notice  the  important  light 
which  has  been  thrown  upon  the  past  history  of  Fishes,  by  the  dis- 
oovery  of  two  living  species  of  Ceratodus  in  the  rivers  of  Queens- 
land. From  this  discovery  we  are  enabled  to  speak  with  certainty 
as  to  the,  structure  and  affinities  of  the  Ceratodi  of  the  Trias,  upon 
w^hich  A^gassiz  originally  founded  the  genus,  and  which  were  only 
known  by  their  curious  dental  plates.  We  are  further  enabled  to 
vastly  extend  backwards  the  range  of  the  Dipnoous  Fishes  in  time, 
for  this  order,  formerly  believed  not  to  occur  in  a  fossil  condition,  is 
probably  represented  by  the  Ctenodus  of  the  Carboniferous  and  the 
JDipterus  of  the  Devonian,  and  it  seems  not  unlikely  that  others  of 
the  so-called  *'  Ganoids "  of  the  PaisBozoic  period  will  ultimately 
turn  out  to  be  truly  referable  to  the  Dipnoi. 

As  regards  the  Amphihiay  large  accessions  have  been  made  to  our 
knowle(^  of  the  Labyrinthodoniia,  chiefly  through  the  researches 
of  Cope,  Miall,  Atthey,  etc.  The  first  named  of  these  observers 
has,  in  particular,  described  a  large  number  of  new  and  interesting 
forms  of  this  extinct  group  from  the  Coal-measures  of  Ohio,  de- 
scriptions and  figures  of  which  are  to  be  found  in  the  second  volume 
of  the  PalsBontology  of  Ohio.  I  may  also  add  that  we  seem  lio^  vci 
possession  of  Bu&cient  evidence   to  justify  ua  in  aB^etVm^  ^^^^ 
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the  true  Salamandroids  {Urodda)  existed  in  deposits  at  least  as 
old  as  the  Permian.  Not  only  has  G^initz  given  the  name  of 
Falaosiren  to  a  fossil  from  the  Permian  which  he  believes  to  be  the 
remains  of  a  Salamandroid,  but  Graudry  assigns  the  same  position  to 
the  Permian  fossils  which  he  has  recently  described  under  the  name 
of  Salamandrella ;  and  the  last-mentioned  palaeontologist  is  inclined 
to  believe  that  the  Carboniferous  genera  Raniceps  and  Apate4m  are 
really  Urodelans  and  not  Labyrinthodonts. 

As  regards  the  Reptiles,  the  researches  of  Marsh  and  Cope  have 
thrown  much  light  upon  the  structure  and  affinities  of  the  Mosasau- 
roids  and  the  Deiuosaurs  ;  and  the  view  that  the  latter  are  related  to 
the  Struthious  birds  has  been  considerably  strengthened  by  the  new 
evidence  which  has  been  obtained.  Another  addition  to  our  know- 
ledge of  the  fossil  Reptiles  has  been  made  by  Prof.  Marsh,  who  has 
discovered  in  the  Cretaceous  deposits  of  North  America  the  remains 
of  colossal  Pterosaurs,  closely  resembling  the  Pterodactyles  proper, 
but  having  the  jaws  destitute  of  teeth.  The  jaws  must  have  been, 
in  all  probability,  sheathed  in  horn,  so  as  to  resemble  the  bill  of 
birds  ;  and  it  is  singular  that  there  should  have  coexisted  in 
Western  North  America  toothless  flying  reptiles  and  toothed  birds — 
an  association  which  is  not  likely  to  be  without  its  significance. 
Marsh  proposes  to  elevate  these  edentulous  Pterosaurs  to  the 
rank  of  a  distinct  order,  under  the  name  of  Pteranodontia.  Professor 
Owen,  again,  to  whom  fossil  herpetology  already  owes  such  an 
immense  debt,  has  founded  the  new  order  Theriodontia,  for  the  re- 
ception of  a  number  of  carnivorous  reptiles  from  deposits  of  Triassic 
or  Permian  age.  The  reptiles  in  question,  of  which  Oynodraco  is  the 
type-genus,  show  some  curious  affinities  to  the  Carntvora  amongst  the 
Mammals,  as  is  more  particularly  marked  by  the  fact  that  the  teeth 
are  in  three  distinct  sets — viz.  incisors,  canines,  and  molars — and 
that  the  canines  are  very  large  and  pointed.  The  Theriodonts 
thus  differ  from  all  other  known  reptiles,  living  or  extinct,  in  their 
dentition,  and  they  are  also  peculiar  in  the  fact  that  the  humerus  is 
provided,  as  in  various  mammals,  with  a  '  supra-condyloid  foramen.' 

Amongst  the  Birds  there  are  two  specially  interesting  discoveries 
to  record,  one  of  these  being,  perhaps,  the  most  important  addition 
to  our  knowledge  of  the  structure  of  fossil  birds  which  has  been 
made  since  the  discovery  of  ArchcBopteryx.  I  allude  to  the  discovery 
by  Marsh  of  the  curious  tootlied  birds  of  the  Cretaceous  deposits  of 
North  America.  These  extraordinary  birds  are  so  aberrant  in  their 
characters  that  they  have  been  rightly  raised  by  their  distinguished 
discoverer  to  the  rank  of  a  distinct  subclass  (Odontomithes),  com- 
prising the  two  orders  of  the  OdontolcoB  and  Odontotorm(B.  In  the  first 
of  these  orders  we  have  only  the  marvellous  Hesperomis,  a  huge 
diving-bird,  standing  between  five  and  six  feet  high,  and  having  its 
jaws  furnished  with  numerous  conical  recurved  teeth  sunk  in  a  deep 
c5ontinuous  groove,  the  front  of  the  upper  jaw  being  alone  edentulous. 
The  breast-bone  is  destitute  of  a  keel,  and  the  wings  are  quite  rudi- 
mentary, so  that  Hesperomis  must  have  been  entirely  incapable  of 
^ight   On  the  other  hand,  it  must  have  been  an  admirable  swimmer 
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and  diver,  and  it  probably  lived  upon  fish,  which  it  captured  by 
means  of  its  toothed  jaws.  Its  tail  was  not  long  and  lizard-like,  as 
in  ArchcBopieryXf  but  consists  of  about  twelve  vertebra?,  of  which 
the  last  three  or  four  are  amalgamated  to  form  a  flat  terminal  mass, 
there  being  at  the  same  time  clear  indications  that  the  tail  was 
capable  of  up-and-down  movement  in  a  vertical  plane,  this  probably 
fitting  it  to  serve  as  a  swimming  paddle  or  rudder.  The  vertebrsa 
of  the  cervical  and  dorsal  regions  are  of  the  ordinary  well-known 
omithio  type. 

In  the  OdontotormcB  —  the  second  order  of  Odoniomithes — the 
type-genus  is  the  wonderful  IchthyomiSj  which,  though  apparently 
aquatic  in  its  habits,  differed  from  Hesperomts  in  having  well- 
developed  wings,  constructed  upon  the  usual  ornithic  type.  The 
jaws  were  furnished  with  compressed  pointed  teeth,  which  were 
sunk  in  distinct  sockets.  The  vertebrse,  further,  have  the  absolutely 
unique  character — a  character  unknown  in  the  entire  class  Aves — 
that  their  bodies  were  bi-concave.  In  this  respect,  therefore,  Ichthy- 
omis  makes  an  approach  to  the  Fishes,  Amphibians,  and  Beptiles,  in 
which  amphicoelous  vertebras  are  common,  or  occur  in  certain  groups. 
The  tail  of  Ichthyornis,  as  of  the  cdlied  Apatomist  is  unfortunately  not 
known. 

The  second  discovery  among  Birds  to  which  allusion  ought  to  be 
made  is  that  of  the  Odontopteryx  toliapicus  of  the  London  Clay,  de- 
scribed by  Prof.  Owen.  This  very  singular  bird  exhibits  the  peculi- 
arity that  the  osseous  margins  of  the  jaws  are  prolonged  into  tooth - 
like  extensions,  which  are  of  two  sizes,  and  which  were  probably 
encased  in  prolongations  of  the  homy  substance  of  the  bill.  These 
processes  are  triangular,  compressed,  and  directed  forwards,  and 
they  are  not  to  be  confounded  on  the  one  hand  with  the  denticula- 
tions  found  in  the  homy  sheath  of  the  bill  of  various  living  birds, 
or  on  the  other  hand  with  the  genuine  teeth  possessed  by  the 
Odontomitlies,  Professor  Owen  concludes  that  Odontopteryx  was 
probably  aquatic  in  its  habits,  and  he  regards  it  as  a  natatorial  bird 
allied  to  the  AnatidcB, 

Coming,  finally,  to  the  Mammals,  the  discoveries  which  have  been 
made  within  the  last  few  years,  more  particularly  those  which  have 
resulted  from  the  researches  carried  on  by  Marsh,  Leidy,  and  Cope 
into  the  Tertiary  Mammals  of  North  America,  have  been  so  numerous 
and  so  important,  that  my  time  to-night  will  not  permit  me  to  do 
more  than  simply  to  allude  to  a  few  of  the  more  important  ones, 
and  more  particularly  to  those  by  which  changes  have  been  effected 
in  the  previously  existing  systematic  arrangement  of  the  Mammaliay 
or  which  have  fundamentally  altered  our  conceptions  of  the  character 
of  certain  groups. 

Among  the  Monotremes,  Krefft  records  a  gigantic  Echidna  from 
the  Post-Tertiary  deposits  of  Australia.  As  regards  Marsupials,  I 
may  merely  mention  the  recent  appearance  of  Prof.  Owen's  magnifi- 
cent work  on  the  Fossil  Mammals  of  Australia,  in  which  will  be 
found  the  fullest  record  extant  of  all  that  is  known  as  to  the  'wotvd^T^vxV 
extinct  Marsupials  wbhb  ranged  over  Australia  m  Yoal-Tettvax'^ 
t/mes. 
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The  great  order  of  the  Ungtilatefl  h&B  of  late  years  been  TasH; 
added  to  by  the  disoovery  of  entirely  new  forms,  or  of  specimen 
more  fully  elucidating  the  structure  of  previously  knovm  forms.  \ 
can  only  advert  to  one  or  two  points  in  this  connexion.  One  o 
the  most  striking  of  Marsh's  many  discoveries  is  that  of  the 
horned  Ehinooeros  to  which  he  gives  the  name  of  Dieera 
This  remarkable  form  is  from  the  Miooene  of  Oregon ;  it 
from  all  the  known  two-homed  Hhinoceroses  in  the  fact  that  the  t 
horns  are  placed  transversely  and  symmetrically  upon  the  m 
bones.  In  this  respect,  indeed,  the  genus  differs  fh)m  the  who! 
group  of  the  Perissodactyle  Ungulates.  Another  discovery  by  Mars! 
is  that  Coryphodon,  which  is  found  in  the  Eooene  of  both  Europe  am 
America,  though  essentially  Perissodactyle,  possesses  five  toes  to 
foot,  and  thus  differs  from  all  other  ^own  Ungulates  except 
hippu8.  Of  the  extraordinary  series  of  forms  by  means  of  which 
living  genus  Equua  is  connected  with  the  Eocene  Bhkippu$  and 
hippu8  I  need  scarcely  remind  you,  as  the  principal  facts  in 
connexion  are  now  widely  known.  Another,  though  less  oomplet 
series  of  connected  forms  is  now  known  by  which  the  genus  Dieotyi 
is  linked  on  to  the  Eocene  £ohyu$ ;  and  a  third  series  exists 
which  the  aberrant  GamelidcR  of  to-day  can  be  traced  back  to  for: 
which  agree  with  the  typical  Ungulates  in  having  a  full  series 
incisor  teeth  (e.g.  PoSbrotherium  and  Protolabis). 

Allied  to  the  Ungulates  in  many  respects,  and  forming  a  grou 
intermediate  between  them  and  the  Proboscideans,  are  the  larj 
Eooene  Mammals  which  Marsh  has  raised  to  the  rank  of  a  distinol 
order  under  the  name  of  Dinocerata,  The  fore-feet  are  five-toed, 
and  the  limbs  are  like  those  of  the  Elephants;  but  the  most 
remarkable  characters  of  these  animals  are  those  of  the  cranium. 
As  regards  the  dentition,  the  upper  jaw  is  destitute  of  incisors,  but 
there  is  a  pair  of  huge  tusk-like  canines,  directed  downwards,  and 
there  are  six  small  molars  on  each  side.  In  the  lower  jaw  are  six 
incisors,  small  canines,  and  twelve  molars  and  praemolars.  The 
armature  of  the  head  is  also  very  peculiar.  The  upper  jawbones 
carried  each  a  pair  of  small  processes,  probably  of  the  nature  of 
horn-cores ;  the  nasals  carried  two  similar  but  smaller  coi*es ;  and 
the  froutals  are  developed  into  two  larger  bony  processes  apparently 
also  intended  to  be  sheathed  in  horn.  There  were  thus  three  pairs 
of  horns,  similar  in  structure  to  those  of  the  hollow-homed  Rumi- 
nants. Inhere  does  not  appear  to  have  been  any  pi-oboscis,  and  the 
brain  was  proportionately  smaller  than  in  any  known  Mammal, 
either  living  or  extinct,  and  even  smaller  than  in  some  Eeptiles. 
We  cannot,  therefore,  credit  Dinoceras  with  the  possession  of  a  large 
amount  of  intelligence. 

Another  remarkable  group  of  Eocene  Mammals  has  been  raised  to 
the  rank  of  a  distinct  order  under  the  name  ^f  Tillodontia,  These 
animals  possess  a  curious  combination  of  the  characters  of  the  Car- 
nivora,  Ungnlata,  and  Rodentia.  The  general  form  of  tlw  skeleton 
most  closely  resembles  that  of  the  Carnivores,  the  skull  being  in 
many  respects  similar  to  that  of  the  Bears,  while  the  feet  are  ^ve- 
toed, with  the^  whole  boIq  applied  to  the  ground,  an^  \\&Nm^  \m^ual 
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phalanges  similar  to  those  of  the  UrsidoR,  The  prsmolars  and 
molars,  on  the  other  hand,  have  grinding  orowns,  the  canines  are 
small,  and  there  are  two  incisors  in  each  jaw,  which  agree  with 
those  of  the  Rodents  in  being  of  large  size,  in  having  chisel-shaped 
crowns,  and  in  springing  from  persistent  pulps. 

One  other  discovery,  also  made  by  Marsh,  I  must  just  mention, 
and  then  I  have  done.  The  eminent  palseontologist  just  alluded  to 
has  shown  that  the  Lower  Eocene  of  New  Mexico  and  the  Middle 
Eocene  of  the  West  contain  a  number  of  Lemuroid  genera,  higher 
in  type  than  the  existing  Lemurs,  but  decidedly  inferior  to  the 
Catarhine  monkeys.  The  most  remarkable  point  about  the  two  prin- 
cipal genera  of  early  Lemuroids — viz.  Lemuravus  and  Limnotherium 
— is  their  generalized  character.  This  is  especially  seen  in  the 
dentition,  Lemuravus  having  no  less  than  forty-four  teeth,  arranged 
in  a  continuous  series,  and  lAmnotherium  having  forty  teeth. 

I  have  now  endeavoured  to  lay  before  you  a  brief  account  of  some 
of  the  leading  results  which  have  been  effected  by  the  researches  of 
palaeontologists  during  the  last  few  years.  The  field  we  have 
traversed  is  a  wide  one,  and  there  are  many  parts  of  it  which  it 
would  have  amply  repaid  us  to  have  considered  in  detail.  I  need 
hardly  add,  also,  that  I  have  been  compelled  by 'the  exigencies  of 
time  to  forbear  altogether  from  even  an  allusion  to  many  important 
acoessions  to  our  knowledge.  One  of  the  objects  of  this  address  will, 
however,  have  been  gained  if  I  have  succeeded  in  convincing  you 
that  the  Science  of  PalsBontology  is  in  a  sound  and  healthy  condition, 
not  yet  arrived  at  maturity,  but  growing  actively,  and  likely  to  grow 
in  the  future.  This  ought  to  be  the  more  satisfactory  to  us,  as  we 
may  feel  quite  sure  that  it  is  to  PalsBontology,  perhaps  more  than  to 
any  other  Science,  that  we  may  look  for  the  key  to  some  most  inter- 
esting and  important  theoretical  problems  in  Biology. 


II. — American  "  Surfaob  Geology,"  and  its  Relation  to  British. 
With  some  Remarks  on  the  Qlaoial  Conditions  in  Britain, 

ESPECIALLY    IN    REFERENCE    TO    THE    "  GrEAT   IoE   AoE  "  OF^Mr. 

Jambs  Geikie. 

By  Sea&lbb  V.  Wood,  Jun.,  F.G.S.  ♦ 

(PART  III.) 
(lUuBtrated  by  a  large  folding  Map  and  Sections.    Plate  I.) 
{Concluded  from  Dec.  II.  Vol  lY.  page  651.) 

I  HAVE,  in  the  foregoing,  endeavoured  to  set  out  the  general  con- 
ditions under  which  that  one  principal  Glacial  deposit  of  England 
which  I  term  "Upper  Glacial"  was  accumulated,  according  to 
the  views  to  which  I  have  been  led  by  several  years*  active  exami- 
nation of  the  area  occupied  by  it,  and  a  still  longer  study  of  the 
phenomena  observed.  They  differ  materially  in  many  respects  from 
the  views  urged  by  Mr.  Jas.  Geikie  in  his  *'  Great  Ice  Age,"  and 
continued  observation  will  help  to  determine  which  can  best  be 
reconciled  with  the  facts;  but  before  leaving  the  subject  of  this 
formation,  I  must  observe  that  the  diagram  and  deBcnption  \>y  IiILt. 
SkertchJjr  of  the  manner  in  which  Lincolnshire  waa  g\AC\ait)d^  «a 
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imported  by  Mr.  Geikie  into  his  book,  conveys  what  I  regard  as  an 
erroneous  view. 

According  to  tliat  diagram '  and  description,  the  morainic  material 
is  represented  as  having  been  derived  from  ice  moving  from  N.E.  to 
S.W.,  that  is  to  say,  from  the  coast  inland,  and  transversely  to  the 
strike  of  the  formations  from  which  its  moraine  was  derived ;  in 
fact,  from  the  direction  of  Scandinavia.  The  moraine  also  is  re- 
presented as  though  it  extended  over  the  Chalk  Wold,  and  the  whole 
of  it  had  come  from  N.E.  to  S.W.  by  a  process  of  push  or  overlap, 
extending  a  little  way  only  however,  and  not  so  as  to  prevent  the 
morainic  material  being  mainly  identical  with  the  formation  on 
which  it  rests.  These  things  do  not,  in  my  experience,  accord  with 
the  facts.  With  the  exception  of  the  part  to  which  I  have  already 
adverted  near  Flamborough  Head,  and  the  mouth  of  the  Pickering 
glacier-trough,  and  some  very  small  patches  elsewhere  (one  of  which 
is  on  very  high  ground  at  Huggate),  the  Chalk  Wold  is  destitute  of 
Glacial  clay  of  any  kind,  both  in  Yorkshire  and  Lincolnshire. 
Where  it  abuts  against  the  western  side  of  the  Lincolnshire  Wold, 
the  morainic  material  certainly  assumes  its  most  chalky  aspect, 
becoming  little  else  than  reconstructed  Chalk,  but  its  path  has 
been  mainly  paraHel  and  not  transverse  to  the  Wold.  This  would 
have  been  seen  if  a  map  which  I  drew  of  the  Glacial  and  Hessle 
beds  over  Lincolnshire  and  South-east  Yorkshire  (and  which  accom- 
panied the  author's  private  copies  of  the  Memoir  by  Mr.  Rome  and 
myself)  had  been  allowed  to  appear  in  the  Joum.  of  the  Geol.  Soc. 
To  remedy  that  defect,  and  to  render  the  views  discussed  in  the 
present  paper  more  intelligible,  I  have  given  by  photo-lithography 
a  plate  which  contains  a  map  of  South-east  Yorkshire  and  most  of 
Lincolnshire,  with  the  sections  in  illustration  of  it,  which  formed 
one  of  several  that  I  some  years  since  prepared  for  a  work  on  the 
later  Geology  of  East  Anglia,  which  I  contemplated,  but  which 
failure  of  health  and  other  reasons  made  me  relinquish. 

From  this  map  it  will  be  seen  that  the  moraine  to  which  the 
chalky  clay  of  East  Anglia  owes  its  origin  (and  which  is  indicated 
on  it  by  the  black  shading  with  white  dots)  streamed  down  from 
the  north-west  in  the  groat  trough  between  the  Chalk  and  the 
Oolitic  escarpments  of  Lincolnshire ;  from  whence  expanding  south- 
wards it  spread  over  the  Eastern  and  East  Midland  counties.  Its 
northerly  diminution  and  eventual  cessation  some  way  south  of  the 
Humber  shows,  I  consider,  tliat  the  morainic  chalky  clay  is  not  in 
the  position  in  which  it  was  generated  beneath  the  ice,  as  Mr. 
Skerlchly's  diagram  assumes,  but  that  most  of  it  has  travelled  and 
been  deposited  far  from  its  place  of  origin  ;  while  its  absence  to  the 
west  of  the  Yorkshire  Wold  is  altogether  repugnant  to  that  motion 
from  the  coast  inland,  upon  which  in  the  case  of  Lincolnshire  Mr. 
Skertchly  insists.  Between  Castor  in  North  Lincolnshire  and  a 
point  a  few  miles  south  of  York,  Mr.  Home  and  I  could  find  no 

^  Great  Ice  A^e,  p.  358.    The  diagram  itself  appears  to  be  an  application  to  the 
case  of  Lincolnshire  of  the  one  given  by  Mr.   liddcnian  in  illustration   of  the 
formation  of  TiU  in  North  Lancashire  and  the  adjacent  country,  in  the  28th 
volume  of  the  Quart  Joum,  oi  the  Greol.  Soc.  p.  4E\. 
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ice  either  of  it  or  of  any  other  kind  of  Glacial  clay,  and  unless  it 
»  conoecded  beneath  the  marshes  of  the  Ancholme  and  those  on  the 
>rth  of  the  Humber,  there  does  not  appear  to  be  any  glacial  clay 
)tween  those  limits,  though  there  is  some  sand  and  gravel  ;*  but 
iar  York  another  great  sheet  of  Glacial  clay  (destitute  entirely  of 
lalk  and  sometimes  destitute  of  boulders)  begins,  and,  capped  in  its 
wer  elevations  by  the  Hessle  beds,  extends  uninterruptedly 
>rth wards  thi-ough  the  great  vale  which  lies  between  the  Pennine 
ills  on  the  west  and  the  Howardians  and  Eastern  Moorlands  on 
e  east,  and  is  continued  through  Durham  and  Northumberland, 
bis  sheet  represents  in  my  view  the  material  produced  by  the 
Bcier-ice  after  this  had  shrunk  back  through  the  Yale  of  Pickering 
id  the  Humber,  and  deserted  the  chalk  country  and  the  Lincoln- 
lire  troughs ;  and  it  is,  I  consider,  of  the  same  age  as  that  which, 
ing  north  of  the  Wolds  and  extending  along  the  maritime  border 
Durham  and  Northumberland,  succeeded  the  purple  clay  of 
bldemess.  Looking  at  the  distribution  of  the  chalky  clay  thus 
Lown  on  the  map,  and  at  the  character  of  the  chalky  clay  which 
•rms  the  basement  portion  of  the  thick  mass  of  which  South-east 
oldemess  is  made  up,  it  is  clear,  I  think,  that  the  moraine  en- 
mdered  north  of  Castor  (except  such  as  went  northwards  round  the 
igle  of  .the  Wolds  and  through  the  Pickering  trough),  travelled 
it  through  the  gorge  of  the  Humber  to  form  this  basement  clay  of 
!oldemes8,  which  teems  with  rolled  chalk  and  is  also  largely 
ade  up  of  the  spoil  of  the  clays  which  intervene  between  the 
rias  and  the  Chsdk;  and  that  the  moraine  which  makes  up  the 
Ltensive  clay  deposit  of  the  Eastern  and  East  Midland  counties  has 
3en  almost  entirely  generated  south  of  the  Humber  and  north  of 
16  southern  edge  of  the  Fenland. 

By  the  motion  of  this  land-ice  down  Lincolnshire  from  north- 
est  to  south-east  along  the  side  of  the  Wold,  the  moraine 
scessarily  corresponds  there  in  a  great  degree  with  the  formations 
1  which  it  rests,  and  from  which  it  was  derived.  From  the  motion 
K)  of  the  ice  being  from  the  higher  ground  to  the  lower,  simul- 
ineously  with  and  independently  of  the  general  southerly  and  south- 
isterly  motion  of  the  whole  mass,  the  debris  degraded  from  the  Wold 
"a veiled  off  it  into  the  trough  on  its  south-western  side  to  form  part 
f  the  great  stream  of  intermixed  morainic  matter  which,  passing 
own  this  trough,  spread  over  the  Eastern  and  East  Midland  counties. 
iy  such  motion  of  the  ice,  the  moraine  of  pure  Chalk  which  resulted 
"om  the  degradation  of  the  Wold  does  in  some  pl£U)es  overlie  and 
verlap  that  produced  from  the  degradation  of  the  Jurassic  clays, 
longh  by  no  means  in  that  general  way  which  Mr.  Skertchly's 
iagram  would  imply ;  and  this  motion  will  explain  how  Mr. 
kertchly's  observations,  being  directed  to  the  southern  extremity  of 

*  There  \b  some  thin  clay  oTer  the  Permian  north  of  Doncaster,  hut  whether  thia 
referable  to  the  Glacial  or  to  the  Hessle  clay  I  am  nnahle  to  say.  There  is  also 
nch  sand,  which  is  partly  capped  by  clay,  between  Retford  and  Doncaster,  but  these 
re  to  the  west  of  the  line  referred  to  in  the  text.  Beds  of  sand  and  gravel  also  cap 
le  Liassic  and  Oolitic  escarpments  of  the  extreme  N.W.  of  LincolnsVivce.  T\i«ii& 
ere  called  bj  Mr.  Rome  ana  myaelf  **  Denudation  sands,"  but  they  ma^  i^oAinlbV^ 
prement  the  purple  cUj, 
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Lincolnshire,  and  to  the  Fen  and  other  country  adjoining  it,  haTe,  I 
think,  led  him  to  the  views  which  he  expresses  by  his  diagram  and 
description.  I  should,  however,  have  thought  that  it  would  hsTS 
occurred  to  him  that  such  material  as  that  of  which  the  chalky  clay 
of  the  Eastern  counties  is  composed,  comprising  as  it  does  the  debrif 
in  abundance  of  all  rocks  from  the  Chalk  to  the  Lias,  and  extendii^ 
in  one  direction  to  the  coast  of  Suffolk,  and  in  another  to  the  brow 
of  the  Thames  Valley,  could  not  have  resulted  from  the  action 
he  represents.  Had  it  done  so,  instead  of  consisting- of  the  lai^ge 
proportion  of  Jurassic  debris  that  it  does,  we  ought  to  find  a  belt  of 
it  on  the  north-east  side  of  these  counties  formed  of  Crag  and 
Eocene  debris  only,  succeeded  south-westwards  by  one  of  Eocene 
and  Chalk  debris  only,  and  on  the  west  of  those  counties  by  one  of 
Chalk  only,  all  of  them  free  from  Jurassic  debris  of  any  kind ;  but,  as  is 
well  known,  nothing  of  the  sort  exists.  Similarly,  also,  had  this  N.E. 
to  S.W.,  or  Scandinavian  direction  of  the  moraine  prevailed  over  the 
Wold,  the  western  side  of  some  of  its  northern  or  Yorkshire  portion 
should  have  been  flanked  with  a  similar  mass  of  reconstructed  chalk 
to  that  which  flanks  its  southern  or  Lincolnshire  extremity ;  but  none 
of  it  is  so,  though  there  is  an  abundance  of  flint  gravel  there,  which 
I  consider  belongs  to  a  later  date — that  of  the  Hessle-beds  probably. 

So  far  from  ice  moving  from  Scandinavia  having  had  any  part  in 
the  glaciation  of  Britain,  I  can  discover  no  evidence  either  of  the 
action  or  influence  of  any  other  ice  than  that  which  descended  from 
British  mountains  ;  and  notwithstanding  all  that  has  been  urged  by 
Dr.  CroU  or  Mr.  J.  Geikie  to  the  contrary,  I  contend  that  no  ice 
extraneous  to  Britain  had  any  part  in  its  glaciation;  and  that 
throughout  the  Glacial  period  open  sea  existed  between  Britain  and 
Scanciinavia.  though  at  or  after  the  close  of  it  the  southern  portion 
of  the  North  Sea  between  England  and  Holland  became  converted 
into  land. 

Having  dealt  with  what  appear  to  be  the  formations  attending 
the  inception,  culmination,  and  wane  of  the  major  glaciation  or  true 
Glacial  period,  I  now  come  to  the  formations  immediately  antecedent 
to,  and  those  synchronous  with,  and  succeeding  the  minor  glaciation; 
that  is  to  say,  to  the  formations  of  the  post- Glacial  period. 


English.  St.  Lawbencb  Babdi. 


The  scries  of  beds  ponterior  to  the  general  emergence  The  forest  surface  and 

of  England.    This  scries  includes  the  Hessle  beils  and  its  associated  beds  with 

their  o(juivalents  of  the  north-east ;  and  the  Middle  sand  i  great    mammalia    that 

and  Uj)per  Boulder  (Bricks  clay,  their  equivalents  in  the  i  rest  on  the  Erie  clay, 

north-west.     Also  the  mud-bed  of  Selsea  and  its  over-  |  The  beds  3a  which  over- 

Ipnjr  jpavel  with  jrrcuit  erratics.    Also  the  river-g^avols  j  lav  this  forest  surface, 

and  brick-earths  with  Palienlithic  implements,  some  of  ,  Tne  marine  clays  of  the 

which  are  of  much  earlier  orinrin  than  others.     During  |  I^wer    St.    Lawrence, 

the  formation  of  the  beds  of  this  series,  especially  of  the  The  terrace  formation  of 

older  part  of  it,  great  changes  were  taking  place  in  the  j  Ohio  (beds  No.  4J  and 

distribution  of  land  and  sea  over  England,  due  to  the  '  the  Karnes  and  Eskers  . 

contiuuation  of  the  disturbances  which  commenced  under  |  of  the  Canadian  High- 

the  Upper  Glacial  sea.  '  lands. 
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Part  of  the  beds  of  the  St  Lawrence  basin  above  tabulated  with 
16  English  beds  posterior  to  the  general  emergence,  have  already 
$en  tabulated  beside  the  English  Middle  and  Upper  Glacial ;  but 
iTing  given  my  reasons  for  thinking  it  probable  that  they  may  not 
>  synchronous  with  these,  but  be  posterior  to  the  major  glaciation, 
have  now  placed  them  in  the  position  of  synchronism  to  which 
e  probabilities  seem  to  point. 
In  the  American  portion  of  the  deposits  thus  tabulated,  the  first, 

forest  beds,  seem  to  me,  if  in  situ,  to  have  been  formed  during  that 
mperate  period  which,  following  the  elevation  of  England  from  the 
lief  part  of  its  general  submergence,  was  accompanied  there  by 
e  reintroduction  of  the  great  mammalia,  and  succeeded  by  the 
inor  glaciation.  The  beds  3a  appear  to  me  to  mark  the  culmi- 
liion  of  this  minor  glaciation  when  the  dissolution  of  the  glacier 
hich  rested  on  the  Canadian  Highlands  filled  the  lake- basin  with 
Bshwater,  over  which  berg  and  other  ice  floated.  The  marine 
ays  of  the  Lower  St.  Lawrence  and  Atlantic  coast  seem  to  me  to 
ilong  to  the  same  period,  when  in  Lower  Canada  the  glacier-ice 
rminated  in  the  sea- water  of  the  Gulf  of  St  Lawrence,  and  to 
ive  accumulated  in  the  sea  which  followed  the  recession  of  the  ice 
itil  the  area  they  occupy  was  raised  above  its  level. 
The  Eskers  and  Kames  of  the  Canadian  Highlands  seem  to  me  to 
ark  the  wane  of  this  minor  glaciation,  and  to  represent  the  moraine 
'  the  ice  after  it  had  ceased  to  reach  the  sea  or  lake- waters ;  while 
e  successive  terraces  formed  by  the  beds  No.  4  indicate  the  suc- 
ssive  falls  in  the  water  of  the  lake-basin,  as  the  ice  of  this  minor 
aciation  wasted  out  of  the  narrow  throat  of  the  St.  Lawrence 
kUey,  and  so  allowed  the  waters  to  escape  from  the  lake-basin  into 
e  Gulf  of  St  Lawrence. 

As  already  observed,  the  Mississippi  Bluff  formation  appears  to 
ive  been  in  progress  throughout  both  the  Glacial  and  post-Glacial 
^riods,  that  is,  throughout  the  major  'and  minor  glaciations. 
Li  the  English  part  of  the  deposits  last  tabulated,  there  has  long 
emed  to  me  to  have  been  one  return  of  cold  after  the  country  had 
aerged  from  the  depression  at  the  end  of  which  the  Moel  Tryfaen 
nds  were  formed,  and  had  become  stocked  with  the  great  mammalia. 
In  describing  the  beds  of  South-east  Yorkshire  and  Lincolnshire, 

the  year  1867,*  Mr.  Eome  and  I  distinguished  those  which  ap- 
»ared  to  us  of  Glacial  age  from  certain  others  which,  overlying 
ese,  were  unconformable  to  and  overlapped  them  in  the  direction 

the  Chalk  Wold.  These  overlying  and  overlapping  beds  we 
lied  the  "  Hessle,"  and  referred  to  the  post-Glacial  period,  i.e.  to  a 
ne  posterior  to  the  general  emergence  of  the  country  from  its 
^eat  depression  and  glaciation.  These  beds,  consisting  of  a  fos- 
liferous  sand  and  gravel  confined  to  low  elevations,  and  of  a  clay 
ith  boulders  (mostly  very  small,  but  occasionally  of  larger  dimen- 
jns),  and  other  debris  overlying  it,  and  reaching  to  higher 
evations  than  the  gravel,  we  subsequently  to  the  publication 
'  our  paper  traced  to  the  borders  of  Durham ;  and,  in  the  case  of 

*  Qnart.  Jonrn.  Geol,  8oc,  toI.  xxiy.  p.  146. 
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the  clay,  up  to  elevations  exceeding  300  feet  in  the  Eastern  Moor- 
lands of  Yorkshire.  From  information,  also,  given  me  by  Mr. 
Topley  of  the  Geological  Survey,  the  same  beds  appear  to  be  re- 
presented partly  in  the  form  of  an  upper  day  widi  boulders,  and 
partly  in  the  form  of  gravels  that  have  derived  their  debris  from  the 
Cheviots,  which  occur  over  the  lower  elevations  of  Northumberland, 
t.6.  over  the  plateau  country  which  forms  the  eastern  portion  of  that 
county ;  and  in  all  probability  they  extend  into  Scotland.  Similar 
beds  in  the  form  of  a  (so-called)  Middle  Sand  and  Upper  Boulder 
(Brick)  clay  with  occasional  boulders  extend  over  the  lower  ground 
intervening  between  the  Pennine  chain  and  the  coast  in  Cumberland, 
Lancashire,  and  Cheshire ;  and  they  reach  along  the  north-west 
coast  as  far  south  at  least  as  the  north  of  Carnarvonshire.  Prob- 
ably also  the  sands  and  clays  of  the  Severn  Valley  containing  marine 
mollusca  of  similar  recent  character  to  those  found  in  the  Hessle 
and  Fen  gravels,  and  in  the  upper  clay  and  middle  sand  of  the 
north-west,  which  have  been  described  by  Mr.  Maw  (and  the  shells 
of  which  he  kindly  sent  me  for  examination),  belong  to  the  same 
period.  The  southern  limit  of  the  Hessle  clay  appears  to  be  at 
Firsby,  on  the  northeni  edge  of  the  Lincolnshire  Fen ;  and,  so  far 
as  I  know  it,  the  southern  limit  of  the  upper  clay  of  the  North- 
west of  England  ap]^)ears  to  be  at  the  same  latitude  in  the  Menai 
Straits,  but  on  the  eastern  side  the  gravels  of  the  formation  carry 
the  submergence  a  little  further  south,  viz.  over  the  Cambridgeshire 
Fen.' 

On  both  sides  of  England,  therefore,  a  similar  degree  of  re- 
frigeration and  limited  submergence,  giving  rise  to  these  beds, 
seems  to  have  occurred ;  this  submergence  {not  the  glaciation) 
shading  off  southwards  to  evanescence  on  the  eastern  side  be- 
tween lat.  52^  and  oS'^;  but  on  the  west  it  may  have  extended 
furtlier.  Tlie  gi*avels  of  this  formation,  which  in  the  Cambridge- 
shire Fen  extend  southwards  to  about  lat.  62"*  SO',  are  there  and 
over  the  Fen  northwards  uncovered  by  Boulder-clay,*  but  in 
Holderness  they  are  so  covered.  The  marine  molluscan  fauna  of 
these  gravels  differs  in  character  from  that  of  the  East  Anglian 
Glacial  beds,  in  that  it  contains  nono  but  species  which  live  either 
in  British  seas  or  in  the  seas  immediately  north  of  the  Shetlands. 
whereas  the  Glacial  beds  of  East  Anglia  contain  some  species  that 
are  unknown  living,  and  others  which,  if  living,  are  represented  by 
species  not  known  as  such  nearer  than  the  North  Pacific.  Inter- 
mingled with  the  mollusca  of  these  gravels  both  in  Yorkshire  and 

^  The  distribution  of  this  (Fen)  prravel  along  the  northern  od^  of  the  Fen  and 
where  it  approaches  near  to  the  llessle  chiy  ia  shown  in  the  map,  and  its  position 
relatively  to  the  chalky  clay  in  section  xv. 

'  A  stony  clay,  a  few  fe«?t  thick,  which  covers  uneonformably  the  Lower  Gbcial 
formation  on  the  Norfolk  coast,  between  Mundesley  and  Eccles  (la't.  62"  48'  to  52*  dl*), 
and  which  there  rises  to  an  elevation  of  about  40  (»r  50  feet  alK>ve  Ordnance 
datum,  hcems  to  helonjf  to  this  formation.  The  molluscan  fauna  of  the  Iles^le  pjnvel 
and  its  etpiivalents  in  the  East  of  Eni-^land  are  jjiwu  in  the  tabular  list  to  the  sup- 
plement to  the  ••  Crag  Mollusca,"  in  the  volume  of  the  l*alajontocrraphical  Society 
for  ib73. 
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in  the  Fen  district  there  ooours  in  certain  localities  a  profusion  of 
the  riyer-shell  Oyrena  fluminalisy  which  now  lives  in  the  Nile  and 
in  the  rivers  of  Thihet  and  China,  and  which  is  fossil  in  Italy 
and  other  places,  as  well  as  in  the  gravels  of  the  Somme,  the  Thames 
Brick-earth,  and  at  Barnwell  near  Gamhridge,  and  which  also 
lived  during  the  later  Crag  and  earliest  Glacial  formations.  The 
presence  of  this  shell,  which  seems  peculiar  to  running  water,  proves 
that  the  valleys  of  the  lower  grounds  were,  during  the  Hessle 
gravel,  occupied  hy  rivers  of  water  and  not  glaciers,  but  the  valleys 
of  the  higher  and  mountainous  regions  may  at  this  time  have  been 
occupied  by  glaciers,  and,  indeed,  during  the  formation  of  the  over- 
lying Hessle  clay,  were,  as  it  seems  to  me.  so  occupied.  The  debris 
abed  out  by  these  glaciers,  together  with  that  supplied  from  the 
coast  waste  of  ground  at  lower  altitudes  than  the  mountains,  such  as 
the  Yorkshire  Wolds  and  Moorlands,  the  Durham  Permian  terrace, 
eta,  appear  to  me  to  have  furnished  the  material  of  this  clay. 

The  completeness  of  the  break  between  these  formations  of  the 
minor  glaciation  and  those  of  the  major,  as  well  as  the  considerable 
period  covered  by  it,  is  shown  partly  by  the  way  in  which  the 
purple  clay  (c  and  d)  has  been  removed  by  denudation  prior  to  the 
deposit  of  the  Hessle  beds,  so  that  the  Hessle  clay  wrapping  over 
the  denuded  edges  rests  in  the  valleys,  which  are  cut  through  the 
purple  and  down  to  the  basement  clay  (a),  on  tbat  clay  itself;  and 
partly  by  the  occurrence  of  the  Cyrena  in  gravels  of  Hessle  age,  and 
of  mammalian  remains  in  the  breccia  at  Hessle  (bed  No.  4  of  Sec- 
tion VII.) ;  for  these  furnish  evidence  that  the  interval  indicated  by 
this  break  was  accompanied  by  the  introduction  of  a  terrestrial  fauna. 

Mr.  Thomas  Jamieson,  in  a  paper  read  before  the  Geol.  Soc.  of 
London  in  1874,'  has  endeavoured  to  show  that  after  Britain  had 
arisen  from  its  great  submergence,  the  valleys  of  the  Scotch  High- 
lands were  filled  with  glaciers,  which  in  some  places  reached  to 
the  sea ;  and  that  to  the  glaciers  of  this  period  the  Kame  drift  of 
that  region  is  due ;  and  as  I  have  already  observed  and  explained 
in  detail  while  discussing  the  Ohio  Eskers,  an  examination  which 
I  made  in  the  year  1870  of  the  drift  of  the  Scotch  Highlands  leads 
me  to  agree  with  Mr.  Jamieson  in  this  view. 

We  have  been  furnished  with  a  description  of  the  Glacial  fea- 
tures of  the  Westmorland  mountain  district  by  Mr.  J.  C.  Ward,  in 
three  papers  read  during  the  years  1873-4-5,  and  published  in  the 
Journal  of  the  Geol.  Soc.  of  London  (vols.  xxix.  xxx.  and  xxxi.). 
Mr.  Ward  considers  that  we  have  evidence  there  of  three  periods ; 
the  first  being  that  of  confluent  glaciers,  or  ice-sheet,  the  origin 
of  which  he  regards  as  altogether  British,  finding  no  indication  of 
the  action  of  any  ice-cap  from  the  Polar  regions.  He  also  observes 
that  he  cannot  find  any  facts  to  suggest  a  cutting  up  of  this  period  hy 
several  mild  seasons.  The  second  period  is  that  of  submergence 
and  amelioration  of  temperature  ;  and  the  third  that  of  a  minor 
glaciation  which  the  district  underwent  subaerially,  and  in  which 
the  glaciers  were  not  confluent,  but  confined  to  the  valleys.     This 

*  Quart.  Joum,  Geol.  Soc.  yoI.  xxx.  p.  317. 
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period  of  minor  glaciation  appears  to  be  that  wliich  we  are  now  con- 
sidering, and  the  only  divergence  between  the  opinion  to  which  Mr. 
Ward  appears  to  have  been  led  from  a  study  of  this  district  and 
that  to  which  I  have  been  led  by  a  study  of  the  East  and  Sonth  of 
England,  consists  in  the  submergence  which  he  regards  as  having 
followed  the  first  and  principal  glaciation,  and  preceded  the  minor 
one ;  my  view  being  that  ue  first  glaciation  and  the  snbmei^genoe 
were  coincident,  and  that  the  sea  merely  took  the  place  of  so  moch 
of  the  ice  as  was  below  its  level,  as  this  wasted  away  before  amelio- 
ration of  climate. 

In  reference  to  this  divei^nce  of  opinion  I  wonld  observe  that 
the  features  displayed  by  the  Lower  Glacial  series  of  beds  in  Cromer 
Cliff  present,  as  it  seems  to  me,  the  clearest  evidence  of  the  increase 
of  submergence  having  taken  place  coincidently  with  the  increase  of 
glacial  conditions  on  the  Eastern  side  of  England  up  to  that  stage 
in  the  Glacial  period  to  which  the  Lower  Glacial  series  of  deposits 
carry  us — a  part  of  the  geological  record,  be  it  remembered,  which 
has  been  erased  from  any  other  part  of  Britain  that  may  once  have 
furnished  it,  but  which  carries  us  onwards  from  the  latest  Crag 
deposits  with  no  more  than  an  insignificant  break. 

If,  therefore,  the  glaciation  came  on  in  the  North-west  of  England 
without  submergence,  and  its  disappearance  there  was  followed  by 
this  submergence,  it  follows  that  a  complete  oscillation  must  have 
occurred  between  the  two  sides  of  England,  so  that  when  the  East 
and  South-oast  of  England  was  rising,  as  it  was  during  the  later  part 
of  the  Upper  Glacial  formation  and  earlier  part  of  the  post-Glacial, 
the  west  and  north-west  must  have  been  going  down ;  but  the  red 
and  white  chalk,  derived  from  the  Lincolnshire  glacier,  which 
generated  the  chalky  portion  of  the  Upper  Glacial,  having  got  into 
the  gravel  at  nearly  500  feet  elevation  so  far  west  as  the  old  strait 
between  Ebrington  Hill  and  the  main  island  of  the  Cotteswolds, 
seems  strong  evidence  that  the  submergence  of  the  west  side  of 
England  was  to  this  height  at  least  contemporaneous  with  that 
of  the  East,  when  this  glacier  terminated  in  the  sea  in  the  way  de- 
scribed in  a  previous  part  of  this  paper.  On  the  other  hand,  it 
must  be  admitted  that  the  character  of  the  marine  moUusca  from 
the  bods  of  the  Severn  Valley  is  so  much  more  recent  and 
British  than  is  that  of  the  mollusca  of  the  East  Anglian  beds,  even 
up  to  the  horizon  of  Bridlington  and  Dimlington,  that  they  can 
scarcely  be  synchronous.  This  objection,  however,  applies  equally 
to  the  Mollusca  of  the  Lower  Boulder-clay  of  Lancashire,  and  to 
that  found  in  the  Glacial  clay  of  Yorkshire  north  of  the  Wold-scarp, 
while  the  gravels  of  the  South-west  which  contain  the  Lincolnshire 
debris  have  not  yielded  any  molluscan  remains.  It  is  not  unlikely, 
therefore,  that  after  the  elevation  which  followed  the  Contorted 
Drift  of  Cromer,  there  set  in  coincidently  with  the  further  emergence 
of  East  Anglia  an  increase  of  the  submergence  northwards  and 
westwards,  and  that  this  accompanied,  and  perhaps  caused,  the  retreat 
of  the  ice  from  East  Anglia,  while  the  North  and  North-west  re- 
laained  enveloped   by  it.      The  giving  place  by   the  Holdemess 
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Glacial  clay  of  pure  morainic  origin  to  clay  presenting  the  aspect 
of  having  been  due  to  marine  deposit  only,  when  the  submergence 
was  great  enough  to  cover  the  Wold  near  Flamborough  to  eleva- 
tions of  more  than  400  feet,  rather  favours  such  a  view ;  and  I  have 
long  contended  that  this  difference  in  the  mollusca  arises  from  the 
Lancashire  and  other  northern  clays  of  Glacial  age  having  been 
formed  at  the  close  of  the  Glacial  period,  when  the  Crag-like  fauna 
of  the  East  Anglian  Glacial  beds  had  changed  into  that  purely 
reoent  and  Europeo- Arctic  one  which  occurs  in  these  clays,  and  in 
the  Moel  Tryfaen  bed ;  up  to  which  time  the  ice  prevented  the 
aocumulation  of  any  deposit  in  that  part  of  Britain. 

The  description  given  by  Mr.  Ward  of  the  mounds  of  stratified 
sand  and  gravel  in  the  Lake-country,  which  he  refers  to  the  period 
of  sobmergence,  so  precisely  corresponds  with  the  Eame  drift  of 
the  Scotch  Highlands,  that  I  think  they  must  belong  to  the  same 
class  of  Glacial  phenomena,  and  not  be  deposits  of  the  period  of 
submergence  at  all.  Indeed,  if  we  consider  that  wherever  the 
marine  sands  of  the  submergence  period  lay  in  the  way  of  the 
glaciers  of  the  second  glaciation,  they  must  have  been  ploughed 
out  and  destroyed,  we  need  not  wonder  that  the  instances  which 
have  occurred  of  the  sands  and  gravels  of  this  period,  such  as  those 
at  Moel  Tryfaen  and  near  Macclesfield,  should  be  so  rare  as  they 
are,  though  they  are  sufficient  to  prove  the  great  depth  of  the  Glacial 
depression  in  those  parts  of  England.^  These  mounds,  Mr.  Ward 
says,  are,  at  whatever  elevation  they  occur,  topped  with  erratic 
blocks;  and  he  deduces  from  this  circumstance  the  inference  that 
the  period  of  the  gravels  was  a  mild  one,  and  was  followed  by  a 
colder,  in  which  these  blocks  were  scattered  over  them.  Precisely 
the  same  feature  is,  however,  exhibited  by  the  Scotch  Highland 
Karnes,  and  the  explanation  of  it  which  I  adopt  is  different  from 
that  of  Mr.  Ward,  and  is  that  as  the  washing  out  of  the  subglacial 
moraine  into  gravel  took  place  by  the  melting  back  of  this  non- 
oonflaent  glacier-ice  subaerially,  the  moraine  of  blocks  which  travelled 
on  the  surface  of  the  glacier  fell  from  its  termination  on  to  the 
sorface  of  the  gravel-heap  thus  produced. 

Be  this,  however,  as  it  may,  we  appear  to  have  in  the  mountain 
districts  of  both  England  and  Scotland  precisely  such  a  period  of 
minor  or  nonconfluent  glaciation  as  that  to  which  Mr.  Borne  and 
I  first,  in  1867,  and  I  in  several  papers  subsequently  (especially  in 
one  with  some  detail  of  circumstances  which  appeared  in  the  Geol. 
Mao.  for  April,  1872),  drew  attention  as  explaining  the  origin  of 

'  It  LB  not,  indeed,  unlikely  that  the  polished  and  broken  fragments  of  shells  which 

oeenr  in  the  gravels  of  some  of  the  Welsh  valleys,  such  as  that  of  St.  Asaph  (some 

of  which  were  sent  me  hv  Prof.  Hughes),  and  even  those  in  the  Unper  Boulder-clay 

and  Middle  Gravel  of  tne  North-western  counties,  of  which  several  small  collections 

from  Cheshire  and  Lancashire  have  passed  through  my  hands,  got  into  these  gravels 

ind  clays  of  the  Hessle  period  in  this  way ;  and  the  same  remark  applies  to  the 

Caithness  clay,  the  shells  of  which  are  promiscuously  scattered  through  its  mass,  and 

are  of  s  far  less  Arctic  character  than  those  of  £lie  and  Errol.    The  glacier  which 

daring  the  minor  glaciation  filled  the  great  valley  of  the  Caledonian  Canal  prohahly 

It  itB  commencement  ploughed  out  the  marine  gravels  from  that 'valle^',  ^utioBSiv^ 

fiksm  into  the  Caitfajsaw  day  then  in  coune  of  formation. 
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the  Hessle  clay  and  the  Upper  Boulder-day  of  the  North-weetern 
countieB  of  England ;  and  taking  into  consideration  the  latitude  and 
degree  of  glaoiation  in  the  various  parts  of  Britain  over  which  the 
formations  of  the  period  of  minor  glaciation  which  I  have  in  the 
foregoing  description  supposed  to  be  synchronous  occor,  there 
appears  to  be  a  general  correspondence  between  them  both  in 
climatal  conditions,  and  in  the  recent  character  of  the  moUasca 
wherever  these  latter  are  present. 

Mr.  Tiddeman  also,  whose  attention  has  been  chiefly  directed  to 
the  Lancashire  mountain  district,  has  in  a  paper  read  before  the 
Anthropological  Institute  on  the  22nd  May,  1877  (Nature,  voL  xvi. 
p.  70),  expressed  in  precise  terms  his  belief  in  there  having  been 
a  period  of  major  glaciation,  of  which  the  evidences  are  most  9^- 
parent  in  the  central  or  less  northern  parts  of  our  island,  and  a 
period  of  minor  glaciation  whose  evidences  are  confined  to  those 
northern  parts ;  while  Mr.  J.  Geikie  in  the  second  edition  of  his 
*'  Great  Ice  Age  "  takes  a  similar  view  of  the  synchronism  of  the 
Hessle  beds,  the  beds  of  the  north-west,  and  of  the  gravels  of  the 
Highland  valleys,  to  that  which  I  have  done ;  and  I  am  gratified  to 
be  able  so  far  to  agree  with  all  these  gentlemen. 

To  this  same  time  or  nearly  so,  and  long  after  the  warmer  waters 
of  the  Biscayan  and  Lusitanian  coasts  had  at  the  close  of  the  major 
glaciation  been  separated  from  the  colder  waters  of  the  North  Sea  by 
the  conversion  of  a  portion  of  that  sea  into  land,  I  have  referred  the 
gravel  with  great  erratics  of  the  Sussex  coast  winch  overlies  the 
marine  mud-bed  of  Selsea,  first  described  by  Mr.  Godwin-Austen 
(whose  list  of  shells  was  largely  added  to  by  Mr.  A.  Bell),  containing 
semifossilized  mollusca  of  southern  facies  all  still  living  in  South 
British  and  Lusitanian  waters.,  but  among  which  are  included  some 
that  do  not  now  range  so  far  north  as  the  British  Channel.  The 
erratics  of  the  gravel  and  day  which  overlie  this  formation  are 
referred  by  Mr.  Godwin-Austen  to  the  action  of  ooast-ioe  drifting 
from  the  French  side  of  the  Channel* 

We  have  thus,  according  to  my  apprehension  of  tiie  case,  a  con- 
vergence of  evidence  to  show  that  a  well-marked  interval  of  minor 
glaciation  following  upon  the  occupation  of  the  sea-bottom  along  the 
Southern  coast  of  England  by  a  fauna  indicative  of  water  some- 
what warmer  than  that  of  our  present  British  Channel,  of  our  rivers 
by  the  Oyrena  fluminalts,  and  of  the  land  by  those  mammalia  whose 
remains  are  present  in  the  breccia  at  the  base  of  the  gravel  at 
Hessle  (some  of  whose  remains  also,  according  to  Mr.  Godwin- 
Austen,  are  associated  with  the  marine  mollusca  in  the  Selsea  mud- 
bed),  took  place  during  the  period  which,  from  its  having  been  pos- 
terior to  the  elevation  of  Britain  from  its  great  glacial  submergence, 
we  have  for  more  than  a  quarter  of  a  century  been  accustomed  to 
call  post- Glacial. 

• 

>  A  restoration  of  the  supposed  geographical  features  of  the  British  Channel  at 
this  time  according  to  my  views  is  given  in  the  fig.  No.  III.  of  the  Sheet  of  Maps 
and  Sections  which  accompanies  my  paper  on  the  Weald  in  the  27th  volume  of  the 
Quart.  JouTD,  of  the  (xcoL  Soc. ;  see  also  Geol.  M^a.  YoL  III.  p.  348. 
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OeologisU  have  so  long  been  cognizant  that  a  minor  glaciation  oc- 
saired  in  Switzerland  subsequently  to  the  first  and  great  extension 
sf  the  Alpine  glaciers,  that  it  is  unnecessary  for  me  to  do  more  than 
site  it  in  corroboration  of  the  conclusions  to  which  an  analysis  of  the 
mdences  offered  by  Britain  and  Eastern  North  America  seem  to  me 
to  point ;  while  according  to  the  abstract  of  a  paper  by  Mr.  G.  M. 
Dawson  on  the  Superficial  Geology  of  British  C!oIumbia  (read  before 
the  G^L  Soa  of  London  on  20th  June,  1877),  this  gentleman  dis- 
x>vers  on  the  north-west  side  of  North  America  similar  evidence 
if  two  glaciations  divided  from  each  other  by  a  warm  period. 

The  semifossiliferous  condition  of  the  Selsea  shells  coupled  with 
heir  recent  and  more  southern  facies  is  not  the  only  indication  of  a 
irarmer  marine  climate  having  occurred  in  Northern  Europe  at  a 
rery  late  date  geologically  speaking,  for  Torell  and  others  found  in 
}pitzbergen  some  beds  of  what  are  called  by  them  "  post-Tertiary  " 
ihella,  containing  Mytilua  edulis,  which  is  not  known  as  now  living 
liere ;  and  Nordenskiold  (Joum.  of  the  Greograph.  Soo.  1869,  p.  136) 
qpeaks  of  these  beds  as  containing  plant-fragments  and  subfosdil 
narine  shells,  of  which  some  now  first  occur  in  living  condition  in 
he  northern  part  of  Norway.  This  recent,  more  southern,  and  sub- 
meal  condition  of  the  Spitzbergen  shells,  is  just  that  of  the  Selsea 
mesy  and  is  altogether  in  contrast  with  that  of  the  shells  of  all  East 
knglian  Glacial  (in  the  sense  I  use  that  word)  deposits,  which  are 
lioroDghly  fossilized,  besides  containing  among  them  forms  charac- 
eristic  of  their  superior  age.  Indeed,  some  of  my  Bridlington  shells 
mbedded  in  indurated  sand  are  in  the  condition  of  Oolitic  fossils ; 
or  which  but  for  their  species  they  might  be  mistaken. 

Mr.  Geikie  in  the  second  edition  of  his  work  having  made  copious 
'eferenoe  to  the  Hessle  beds  as  described  by  myself  and  Mr.  Bome, 
ind  (though  making  some  confusion  between  our  views  and  those  of 
lie  late  Prof.  Phillips^)  having  also  adopted  the  view  of  their 
lodtion  in  the  general  sequence  of  deposits  for  which  we  contended, 
18  well  as  their  correlation  with  the  upper  clay  and  (so-called) 
niddle  sand  of  the  North-west  of  England,  which  I  have  for  several 
rears  past  suggested,'  the  only  difference  that  seems  to  remain 
)etween  as  in  reference  to  them  concerns  the  mode  in  which  the 
day  originated.  This  clay  Mr.  Geikie  insists  is  not  only  terrestrial 
n  its  origin,  but  is  a  morainic  accumulation  over  a  land-surface, 
)eneath  an  ice-sheet,  and  left  where  engendered.  I  on  the  contrary 
lave  contended,  and  still  maintain,  that  it  is  a  submarine  accumula- 

^  Proleaior  Phillim  not  only  noTer  recognized  what  we  contended  was  the  trae 
KMition  of  the  Hessle  beds  relatively  to  other  Glacial  or  post-Glacial  deposits,  but 
te  had  not  up  to  the  time  of  our  paper  even  recognized  that  the  Hessle  oeds  were 
tistinct  from  the  mass  of  the  Glacial  clay  of  Holdcrness,  which  latter  he  then  regarded, 
lot  onlj  as  identical  with  the  ordinary  Glacial  clay  of  East  Anglia  (Upper  Glacial  or 
TOAt  cnidky  day),  but  as  identical  alao  with  the  (Lower  Glacial)  beds  of  Cromer 
.liff. 

*  Report  of  Brit.  Assoc,  for  1870,  Gbol.  Mao.  April,  1872,  p.  176,  and  Sept. 
S76,  p.  396  (footnote).  In  a  paper  also  "  On  the  Climate  of  the  Post-Glacial 
'eriod  in  the  same  Mao.  for  April,  1872,  p.  153, 1  drew  attention  to  what  appeared 
0  me  to  be  eridencea  of  tiie  recurrence  of  a  glaciation  of  minor  extent  during  that 
«riod. 


24    S.  V.  Woodjun. — American  and  British  Surface-Otology. 

tion.  which,  though  it  may  be  partly,  is  not  wholly  of  morainic  origin ; 
neither  has  it  been  left  (in  Holdemess,  at  least,  where  it  rests  on 
fossiliferous  stratified  sands)  by  submarine  ice-recession,  as  has  been 
the  case  with  so  much  of  the  Upper  Glacial  clay.  Farther  north, 
and  also  at  its  higher  elevations,  such  may  have  been  its  morainic 
origin,  but  in  Uoldemess  and  East  Lincolnshire  it  presents  veiy 
little  appearance  of  morainic  derivation  at  all ;  for  the  Chalk  whic^ 
it  contains  is  not  only  small  in  quantity  in  comparison  with  the 
basement  (Glacial)  clay  of  that  district,  but  is  suhangular,  whereas 
that  of  the  Glacial  clay  is  all  of  it  rolled.  Moreover,  as  it  oocorB 
directly  over  the  basement  clay  (of  Upper  Glacial  age),  which  is 
densely  crowded  with  Chalk  debris,  it  ought,  occupying  the  same 
place  in  reference  to  any  ice- sheet,  and  seeing  that  nearly  all  the 
Chalk  Wold  would,  by  being  left  bttre  of  Glacial  clay,  have  supplied  it 
with  Chalk  debris,  to  be  equally  crowded  also  if  it  had  originated  in 
the  same  way.  Mr.  Geikie  illustrates  his  argument  of  its  origin  by 
figures  of  sections  which  show  not  only  the  junction  of  the  day 
with  the  sand  to  be  irregular,  but  to  be  accompanied  by  the  protrusion 
of  a  portion  (or  leg  as  he  says  the  workmen  called  it)  of  the  clay 
into  the  sand  (Great  Ice  Age,  p.  376).  This,  however,  is  a  feature 
which  may  be  met  with  occasionally  in  the  case  of  the  chalky  (upper 
Glacial)  clay  resting  on  the  middle  Glacial  sand  in  East  Anglin, 
where  also  a  much  more  marked  irregularity  is  not  unfrequently 
to  be  met  with,  which  at  one  time  misled  me  into  the  idea  that  a 
small  fault  had  occurred  in  those  places.  They,  however,  all  now 
seem  to  me  explicable  by  the  material  in  these  cases  having  fallen 
not  only  en  masse,  but  with  the  mass  possessing  a  ra^^ed  or  irregular 
form.  I  have  already  explained  the  reasons  which  forbid  my  be- 
lieving that  in  any  case,  either  where  these  quasi -faults  occur,  or 
where  the  clay  rests  on  the  sands  with  an  even  line,  the  morainic 
material  could  have  been  pushed  over  the  sands  by  glacier-ice ;  and 
my  conviction  why  such  cases  can  only  be  reconciled  with  the 
dropping  of  the  material  on  the  stratified  and  undisturbed  sands 
containing  marine  organisms  upon  which  it  reposes,  while  these 
sands  formed  the  sea-bottom  unincumbered  in  that  part  with  glacier- 
ice  ;  and  there,  with  that  of  the  leg  described  by  Mr.  Geikie,  I  leave 
the  question. 

Mr.  Geikie,  however,  is  silent  on  the  fact  that  I  have  from  nearly 
the  outset  of  my  investigations,  and  long  before  any  one  else  took 
the  view,  urged  that  the  Hessle  beds  were  synchronous,  or  nearly  so, 
with  the  Cyrena  brick-earths  of  the  Thames  Valley ;  ^  so  that  he 
argues  this  synchronism  as  though  the  view  were  new  to  him  ;  and 
Mr.  Skertchly  seems,  in  lecturing  lately  at  Norwich,  to  have  been  in 
similar  ignorance  of  my  long  contention  on  this  head.  Mr.  Geikie 
also  takes  exception  to  my  nomenclature  of  these  beds  as  ''post- 
Glacial,"  insisting  that  they  should  be  called  "  Glacial " ;  but  had  I 
not  called  them  what  I  did,  my  contention  of  their  synchronism  would 

*  See  Qaart.  Jonrn.  Geol.  Soc.  vol.  xxiv.p.  174  (Nov.  1867) ;  vol.  xxvii.  p.  22 
(Nov.  1870) ;  Gbol.  Maq.  Jan.  1870,  Vol.  Vll.  p.  19 ;  and  April,  1872,  Vol.  IX. 
Ik.176. 
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ave  produced  great  confusion.  The  memoir  of  Mr.  Prestwich  in 
le  Philosophical  Transactions  of  1864  was,  at  the  time  of  the  paper 

Y  myself  and  Mr.  Rome,  the  principal  work  of  reference  relating  to 
le  beds  yielding  Cyrena  fiuminalis,  which  either  then  had,  or  since 
av6  yielded  Palaeolithic  implements ;  and  Mr.  Prestwich  in  point- 
ig  out  that  some  of  them  afforded  clear  evidence  of  having  been 
eposited  while  ice-action,  so  far  as  rivers  were  concerned,  was  in 
rogress,  designated  them  as  post-Glacial  only  because  he  regarded 
lem  as  posterior  to  the  Boulder-clay  of  the  Eastern  and  East 
[idland  counties  (the  chalky  clay),  a  formation  which  was  then 
)garded  as  the  one  great  and  only  clay  accumulation  of  the  Glacial 
eriod  on  the  Eastern  side  of  England,  but  which  I  have  long  been 
adeavouring  to  show  was  preceded  by  the  Cromer  Cliff  beds,  and 
looeeded  by  the  Hessle. 

la  this  way  the  beds  yielding  Cyrena  fluminalis,  in  common  with 
tany  other  gravels  yielding  PalaBolithic  implements,  but  which  did 
ot  contain  that  shell,  though  yielding  other  freshwater  moUusca 
which  in  some  instances  may  have  arisen  from  their  being  more 
imote  from  the  sea  or  tidal  water  to  which  the  Cyrena  seems  to 
ive  had  some  proclivity),  came  to  be  regarded  almost  universally 

Y  English  geologists  as  post-Glacial ;  and  it  was  expressly  with 
le  object  of  preventing  confusion  that  I  called  the  Hessle  beds, 
'hicb,  in  Holdemess  at  least,  did  not  appear  to  me  to  possess  the 
une  characters  as  are  presented  by  the  beds  which  I  call  Lower 
Id  Upper  Qlacial,  but  yet  were,  in  my  opinion,  synchronous  with 
le  Cyrena  brick-earths,  "  post-Glacial "  also.  In  so  doing,  however, 
>th  in  our  coast  section  and  in  the  descriptive  part  of  our  paper, 
[r.  Borne  and  I  specially  pointed  out  their  anteriority  to  other 
ver  and  later  valley-gravels  of  Holderness,  some  of  which  where 
itersected  by  the  coast,  as  at  Hornsea,  are  of  considerable  thickness, 
id  interstratified  with  clay  laminsd  containing  freshwater  shells ;  and 
le  position  of  these  may  be  seen  in  Section  I.  of  the  Plate  which 
xx>mpanie8  this  paper.  Thus,  while  in  order  at  the  same  time  to 
reserve  their  synchronism  with  the  Cyrena  brick-earths,  as  to  show 
leir  anteriority  to  many  of  the  gravels  yielding  Palssolithic  imple- 
ents  that  had  been  called  indiscriminately  "post-Glacial,"  we 
iatingnished  these  Hessle  beds,  as  **  older  post-Glacial."     It  is  not 

matter  of  much  moment  what  names  we  select  or  accept  for 
x>logical  formations,  so  long  as,  by  their  use,  confusion  and  mis- 
>prehension  are  avoided ;  but  if  we  relegate  these  Hessle  beds  to 
le  Glacial  group,  we  aband(m  the  age  of  deposits  as  the  basis  of 
leir  nomenclature,  for  the  conditions  under  which  they  have  been 
xsamulated ;  and  thus,  to  be  consistent,  we  should  term  Glacial  not 
aly  the  deposits  now  going  on  in  the  Arctic  regions,  but  even  the 
3ds  forming  in  the  Sound  at  Copenhagen,  on  the  shores  of  which 
II  our  English  cereals  grow,  for  according  to  the  authority  quoted 

Y  Sir  C.  Lyell  (Principles  of  Ghology,  1872  edit.,  p.  883),  a  ship 
ink  at  Copenhagen  in  1807  is  now  almost  buried  in  erratic  blocks 
rought  by  the  Baltic  ice  since  that  year. 

I  have  oonBnad  mjr  suggeationa  of  probable  ByncbTOiufim  \>e\.VTQ^\i 
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the  Qlacial  features  of  North  America  and  those  of  Britain  mainly 
to  English  beds,  because  I  have  for  several  years  nrged  that  none  of 
the  Scotch  beds  can  be  older  than  the  newer  portion  of  the  Upper 
Glacial,  viz.  the  purple  clay  of  Yorkshire  where  the  chalk  debris 
disappears,  and  the  other  chalkless  clay  to  the  north  of  it»  whioh 
oonsi^t  probably  of  morainic  material  left  by  the  ice  after  it  had 
receded  from  the  lower  ground  of  Yorkshire,  overlain  more  or  less 
by  clay  and  other  beds  of  Hessle  age.  Looking  at  the  mountainous 
condition  of  Scotland,  and  that  this  part  of  Britain  must  have  been 
that  to  which  the  ice  of  the  major  glaciation  clung  latest  in  its  reces- 
sion, it  seems  to  me  that  all  the  earliest  part  of  the  morainic  material 
which  was  coeval,  not  merely  with  the  chalky  clay  of  £a8t  Anglia, 
but  even  with  all  that  in  Holdemess  which  contains  any  ohalk 
debris,  must  lie  out  beyond  the  present  coast-line  of  Sootlandf  and 
under  the  North  Sea  and  Atlantic,  having  accumulated  when  the  ice 
of  that  part  of  the  Glacial  period  to  whose  recession  it  was  due 
terminated  beyond  the  present  Scottish  shores.  When  Tellina  cbliqua 
and  Nuctda  Cobholdice  have  been  found  in  the  Scotch  Glacial  beds, 
there  may  be  reason  to  regard  the  oldest  part  of  the  Scotch  day  as 
coeval  with  that  portion  of  the  English  Upper  Glacial  which  Bridling- 
ton Cliff  represents  in  the  horizontal  succession ;  but  until  these  do 
so  occur  ^  I  cannot  see  any  reason  for  assigning  an  older  date  to  the 
Scotch  Till  than  above  mentioned.  Indeed  it  seems  to  me  open 
to  doubt  whether  much  of  it  belongs  to  the  period  of  the  first  or  major 
glaciation,  by  reason  of  the  improbability  that  beds  of  such  character 
as  glacial  accumulations  could  have  resisted  the  degrading  action  of 
any  later  ice.  Such  part  only  as  by  submergence  during  the  minor 
glaciation  was  protected  from  the  ice  of  that  glaciation  can,  it  seems 
to  me,  belong  to  what  I  term  the  Glacial  period.  The  well-known 
case  of  Chapelhall  in  Lanarkshire  appears  to  me  to  be  an  instance  of 
this ;  for  there  the  submergence  of  the  Hessle  period  (which  I  have 
described  as  commencing  in  the  South  with  the  insignificant  depth 
under  which  the  Fen  gravel  accumulated,  and  increasing  graduaUy 
northwards)  having  attained  upwards  of  500  feet,  the  sediment 
derived  from  the  glaciers  of  the  minor  glaciation  has  been  deposited 
over  mollusca  which  lived  upon  the  surface  of  the  submerged  (and 
so  protected)  moraine  left  by  the  recession  of  the  ice  of  tlie  major 
glaciation.  The  occurrence  of  Beindeer  horns  and  some  few  other 
mammalian  remains  in  Scotch  beds,  seems  also  to  receive  satisfac- 
tory explanation  by  reference  to  this  minor  glaciation. 

Mr.  Geikie,  in  the  2nd  edition  of  his  work,  seems  to  feel  the 
difficulty  of  earlier  Glacial  deposits  having  in  Scotland  escaped  the 

^  Latitude  can  have  nothing  to  do  with  the  presence  of  thefte  shells,  because,  among 
the  derivative  fosails  of  either  late  Crag,  or  early  Glacial  age,  found  by  Mr.  Jamieson 
in  gravels  capped  bv  Boulder-clay,  uear  Aberdeen,  which  he  sent  me  for  examination, 
there  was  nn  undoubted  fragment  of  NuctUa  Cobboldue,  showing  that  this  species  had 
onoe  lived  there;  and  TtUitta  obHqua  has  been  found  associated  with  the  other 
Upper  Crag  Ttllmt,  in  beds  in  Iceland,  whose  fossils  correspond* with  the  later  Crag 
bwM.     If ,  as  I  suspect,  most  of  the  ice-formed  beds  of  Scotland  belong  to  the  minor 

Slaciation,  the  ice  of  which  destroyed  the  prect'ding  beds  as  far  as  it  ext<^nded,  the 
erivative  raoUuscon  remains  founa  by  Mr.  Jamieson  probably  constitute  part  of  the 
Ipack  of  the  depoots  of  the  first  or  major  period  oi  glaciation  in  that  country. 
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deetrojing  agency  of  the  ioe-sheet  to  whioh  the  Upper  Glacial  clay 
of  East  Anglia  was' due,  and  to  be  more  inclined  than  he  was  to  adopt 
the  Tiew  of  the  later  age  generally  of  the  Scotch  beds ;  but  he  is  not 
definite  upon  the  subject,  and  still  seems  to  regard  the  Scotch  Till 
as  including  beds  of  all  stages  of  the  Glacial  period.  I  am  glad, 
however,  to  see  that  he  is  more  disposed  (as,  for  instance,  in  the  case 
of  the  Wexford  gravels')  than  he  was  to  allow  molluscan  evidence  to 
have  its  weight  in  determining  the  age  of  Glacial  deposits. 

Mr.  Gkikie  has  thought  it  necessary  to  put  a  special  erratum  at 
the  commencement  of  his  second  edition,  that  he  finds  Mr.  Jefi&eys 
stating  in  Phillips'  Geology  of  Yorkshire,  that  instead  of  there  being 
five  of  the  Bridlington  shells  not  known  as  living,  all  of  them  are 
identical  with  species  found  living  in  Arctic  and  Northern  Seas.  It 
should  be  known,  therefore,  that  these  identifications  are  not  matters 
of  recent  discovery,  such  as  from  dredgings  or  otherwise,  but  matters 
of  opinion  upon  which  Mr.  Jeffreys  is  not  in  accord  with  some  of 
his  fellow  oonchologists.  That  difference  of  opinion  extends  to  a 
ocmsideTable  number  of  the  Pliocene  moUusca,  Mr.  Jeffreys'  method 
being  to  call  any  Pliocene  shell  which  comes  near  to  a  species  known 
living  as  identic^  with  it,  or  at  most  a  variety  of  it ;  but  if  after- 
wards something  more  closely  resembling  the  fossil  is  discovered 
leoent,  then  the  former  identification  is  abandoned,  and  the  living 
species  first  called  identical  with  or  a  variety  of  the  fossil  is  sepa- 
rated from  it,  and  the  fossil  form  is  allowed  to  stand  as  a  good 
species,  because  it  is  found  living.  By  pursuing  through  the  Miocene 
and  Eocene  fauna,  successively,  this  method  of  calling  all  Pliocene 
shells  that  approximate  to  living  ones  varieties  of  Uie  latter,  and 
these  again  varieties  of  their  Miocene  and  Eocene  predecessors,  some 
astonishing  results  may  be  elaborated  in  the  way  of  making  a  large 
per-oentage  of  Eocene  MoUusca  identical  with  living  species,  con- 
trary to  the  generally  received  opinion  of  geologists. 

So  slight,  however,  is  the  change  which  has  taken  place  in  shells 
daring  long  periods,  that  many  Eocene  shells  do  not  differ  more 
from  their  nearest  living  analogues  than  do  certain  of  these  Bridling- 
ton ones ;  and  if  Mr.  Jeffreys  can  point  out  any  clear  natural  rule  or 
law  which  will  define  where  varietal  difference  ends,  and  specific 
difference  begins,  he  will  throw  great  light  upon  the  study  of  living 
and  fossil  organisms,  and  cause  evolutionists  seriously  to  re-consider 
their  views. 

Two  out  of  the  five  thus  said  by  Mr.  Jeffreys  to  be  living  are  Nuctda 
CobboldiiB  and  Tdlina  obliqtM.  These  shells  abound  together  in  the 
newer  beds  of  the  Crag,  and  in  the  East  Anglian  Glacial.  Both  are 
found  at  Bridlington ;  and  one,  the  Nucxda,  in  the  centre  of  the  200 
vertical  feet  of  mondnic  clay  of  Dimlington  in  Holdemess,'  in  such 

^  The  Wexford  grayels,  t/the  fauna  given  from  them  be  reliable,  would  also  seem 
to  be  a  remnant  of  the  beds  of  the  earlier  glaciation  in  Ireland ;  for  along  with  some 
other  peculiar  forms,  a  fragment  of  Numla  Cobboldite  is  mentioned  by  Forbes  as 
hsring  been  found  in  them.  It  is,  howoTer,  possible  that  this  fragment  might  have 
been  one  of  Ltteina  (Loripea)  divarieata^  a  living  British  shell. 

*  The  place  ia  indicated  on  the  accompanying  map,  where  also  the  dotted\\\iQ  ftYvoi«% 
the  poritiQO  ot  the  Chalk  Boor  down  to  which,  from  contiguous  boTin^,  t\iQ  c^XikS^^ 
eltf  nM0  been  found  to  descend. 
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a  position  as  to  prove  that  it  lived  there.  They  appear  to  me  to  be 
conspicuously  shells  of  the  earlier  part  of  the  major  glaciation,  and 
they  are  absent  from  the  Scotch^  and  all  other  English  Glacial  beds, 
as  well  as  from  all  beds  of  post-Glacial  age.  The  Nucvla  has  been 
identified  with  more  than  one  species  living  in  the  Pacific,  apparently 
from  conchologists  not  being  acquainted  with  the  full-grown  Crag 
and  Glacial  shell ;  but  from  this  full-grown  shell  the  Pacifio  speci- 
mens differ  widely.' 

The  Tellina  is  called  by  Mr.  Jeffreys  a  variety  of  the  peculiarly 
Gl£U)ial  species  lata  (calcarea  or  proxima),  which  lives  in  Arctic 
seas,  and  characterizes  the  beds  of  the  North-west  of  England  and 
Scotland,  and  is  found  in  East  Anglian  beds  of  Hessle  age ;  bat» 
unless  he  has  met  with  it  since  I  inquired  of  him  a  few  years  ago, 
he  does  not  pretend  that  the  shell  itself  (t.e.  the  variety  as  he  csJls 
it)  exists  in  a  living  state.  These  two  forms  of  TeUina  (lata  and 
ohliqua)y  whether  we  call  them  varieties  or  species,  lived  together  in 
all  beds  from  those  of  the  Red  Crag  to  that  of  Bridlington  ;  but,  as 
far  as  yet  known,  the  form  lata  is  the  only  survivor  of  the  two  from 
the  stage  indicated  by  the  Bridlington  bed.  Considering  the  great 
difficulties  which  beset  the  elucidation  of  Glacial  formations,  and 
how  small  is  the  assistauce  furnished  by  Palseontological  evidence 
towards  that  elucidation,  I  am  surprised  that  the  facts  concerning 
this  Nuctda  and  this  TeUina  have  not  met  with  more  attention  tban 
they  have  hitherto  done. 

In  conclusion,  I  beg^  although  I  have  dissented  from  some  of 
his  views,  to  tender  Mr.  Geikie  my  congratulations  on  the  produc- 
tion of  his  able  book — a  work  that  will  doubtless  much  extend  the 
interest  felt  in  the  evidences  of  an  age  which,  although  the  latest 
of  geological  periods,  is,  from  its  association  with  the  history  of 
Man  in  our  latitudes,  the  most  important  of  any. 

P.S. — The  whole  of  this  paper  having  been  in  type  before  the 
November  number  of  the  Quarterly  Journal  of  the  Greological  Society 
(No.  132)  was  issued,  I  was  in  ignorance  of  the  tenor  of  the  paper 
in  that  Journal  by  Mr.  Mackintosh,  on  the  sections  around  the 
estuary  of  the  Dee;  but  having  become  acquainted  several  years 
ago  with  sections  in  that  neighbourhood,  as  well  as  with  the  limits 
and  distribution  of  the  Upper  Boulder-clay  and  Middle  sand,  I  had 
then  satisfied  myself  of,  and  suggested  to  geologists  the  identity  of 

*  Except  the  derivative  fragment  found  by  Mr.  Jamieson  in  the  grayel  near 
Aberdeen,  referred  to  in  a  pre\ious  note  on  p.  26. 

*  Five  living  species  of  Xueuia  with  divaricated  markings  like  Cobboldia  are 
known.  They  are  confined  to  the  Pacific  Ocean,  and  have  been  described  imder  the 
following  names,  viz.  N.  mirabilU  (from  Japan),  JV.  divaricata  (China  Sea),  N,  in» 
ngnit  (Japan),  N.  castrtnsh  (Sitka),  and  N.  Lyalli  (Vancouver).  The  first  named 
is  about  one-third  of  the  size  of  the  full-grown  Cobboldia,  while  none  of  the  others 
exceed  a  ninth ;  and  their  hinge-teeth  are  from  4  to  9  fewer.  The  divaricated  marks 
in  all  five  extend  to  the  margin  of  the  shell,  while  Cobboldia  has  round  this  margin 
a  broad  belt  which  is  free  from  them.  It  is  possible,  though  hardly  probable,  uiat 
all  the  specimens  yet  obtained  of  these  five  species  are  those  of  young  individuals 
which  might  have  grown  into  a  mature  shell  like  Cobboldia  ;  but  until  a  specimen  of 
t^  kind  can  be  produced,  it  is  as  reasonable  to  identify  any  of  these  Pacific  species 
■fth  Cobboldia,  as  with  the  divaricated  Nueula  from  the  Gault. 
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those  formations  with  the  Hessle  heda.  The  sections  now  given  by 
Mr.  Mackintosh  may  be  advantageously  compared  with  those  of 
Holdemess  in  the  plate  accompanying  these  pages,  which  was  drawn 
by  me  in  1872.  The  limit  in  elevation  of  the  npper  clay  in  its 
marine  form  in  Lancashire  Mr.  Mackintosh  puts  at  150  feet,^  and  he 
refers  the  accumulation  of  it  to  the  same  agency  as  that  to  which  1 
refer  the  Hessle  clay.  The  molluscan  fauna  of  the  upper  clay,  as 
well  as  of  the  middle  sand  and  lower  clay  of  the  same  region,  has 
lately  been  described  by  Mr.  Shone  in  a  paper  before  the  Geological 
Society ;  but  as  it  is  not  yet  published,  1  do  not  know  what  additions 
be  may  have  made  to  those  species  from  these  beds  which  have  at 
different  times  passed  through  my  hands  (and  of  which  I  have  kept 
notes),  or  to  the  list  given  by  Mr.  T.  M.  Eeade  in  vol.  xxx.  of  the 
Quarterly  Journal  of  the  Geological  Society,  p.  30.*  A  comparison 
of  them  should  be  made  with  the  list  of  species  from  the  Hessle 
beds  (Kelsea  Hill,  March,  and  Hunstanton)  given  in  the  tabular 
list  to  my  father's  Crag  MoUusca  Supplement  in  the  volume  of  the 
PalsBontographical  Society  for  1873,  extended  by  a  note  at  page  121 
of  the  Quarterly  Journal  of  the  Geological  Society,  vol.  xxxiii. ;  not 
forgetting,  in  the  case  of  the  shells  of  the  middle  sand  and  upper 
clay  of  the  North-west,  the  probability  of  their  having  to  a  more  or 
less  extent  been  derived  from  the  destruction  of  beds  of  Moel 
Tryfaen  age.  It  will  also  be  found,  I  think,  that  the  middle  sand  of 
the  Lancashire  low  ground  has  been  confounded  at  high  levels  with 
sands  of  Moel  Tryfaen  age,  which  belong  to  the  latest  part  of  the 
Upper  Glacial,  as  well  as,  possibly,  with  gravels  of  Kame  origin, 
which,  though  they  belong  to  the  Hessle  period,  are  of  somewhat 
later  date;  having  been  formed  by  the  subaerial  melting  of  the 
glaciers  of  the  Hessle  period  during  the  wane  of  the  minor  glacia- 
don,  and  therefore  either  synchronous  with,  or  posterior  to,  the 
upper  clay. 

III. — Across  Eukopk  and  Asia. — ^Tuavklling  Notes. 

By  Professor  John  Milne,  F.G.S.  ; 
Imperial  College  of  Engineering,  Tokei,  Japan. 

(Continued  from  Dec.  II.  Vol.  IV.  p.  668.) 

VIIL — Lake  Baikal  to  Kiachta  and  across  Mongolia. 

Contexts. — Lake  Baikal  to  Eiachta — Description  of  route — Volcanic  district  near 
PoTorotnaya — Volcanic  district  of  the  Tunka — Across  Mongolia — Kiachta  to 
TJrga — Description  of  Mountains — Drift— Urga  to  Kalgan  —  Description  of 
route— -Granite  Boulders — ^Volcanic  Rocks. 

ABOUT  6-30  P.M.  on  Thursday,  13th  November,  I  said  good-bye 
to  Lake  Baikal,  and  branched  off  upon  a  road  to  the  right 
leading  to  Gabansk.  Along  this  road,  which  was  a  very  bad  one, 
there  was  an  apparently  untouched  forest  of  birch  and  pine,  with 
here  and  there  a  clump  of  aspen.     For  some  distance  upon  my  left 

^  Mr.  T.  M.  Beade,  Quart.  Joum.  Geol.  Soc.,  vol.  xxx.  p.  30,  gives  shells  from 
apparently  this  clay  (Brick  clay)  at  175  feet. 

^  This  list,  in  so  far  as  it  refers  to  the  occurrence  in  the  Crag  of  species  named  vn 
it,  eontains  Bereral  inaccuracJea, 
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extended  a  wide  lake,  which  joined  the  Baikal   After  much  reckless 
driving  across  wide  trackless  plains,  through  gaps  in  ridges,  snow 
drifts  and  clumps  of  trees,  with  a  wild  and  drunken  coachman,  at 
half-past  eight  I  found  myself   at  the  post  station  of  Cabansk. 
After  a  windy  and  bitterly  cold  night,  I  was  next  morning  at  the 
station  of  Palavinsaya,  the  country  round  which  is  hilly  and  pretty. 
The  next  station  was  situated  in  a  plain  between  sloping  hills  and 
isolated  peaks.     These  hills  being  without  wood,  the  country  bad  an 
open  appearance.     As  I  went  on,  the  snow,  which  I  had  been  told  in 
Irkutsk  would  be  continuous  as  far  as  Eiachta,  grew  less  and  less, 
and  at  the  station  where  I  next  changed  horses,  I  had  to  abandon  the 
sledge  I  had  purchased  and  hire  a  carriage.     Although  the  roads 
were  now  tolerably  free  from  snow,  the  surrounding  hills  were  still 
white  with  it     The  next  morning  I  passed  the  station  of  Povorot- 
naya.     Tlie  soil  now  became  sandy,  and  the  only  trees  were  pines. 
The  way  in  which  these  were  dotted  about  in  clumps  gave  a  park- 
like aspect  to  the  district.    In  passing  through  a  gap  on  the  ridge  of 
some  hills  which  had  been  before  me  since  leaving  this  last  station, 
I  came  upon  one  of  the  most  extensive  views  I  liad  seen  upon  my 
journey.     The  country  then  before  me  was  smooth  and  undulating 
in  outline.     Here  and  there  small  conical  hills  like  old  volcanos, 
the  tops  of  which  were  sometimes  capped  with  trees,  stood  up  like 
islands  above  the  plains  of  snow  from  which  they  rose.     In  and  out 
between  these  I  could  see  the  track  I  had  to  take,  trending  away  in 
the  distance  until  it  almost  disappeared  as  a  mere  black  line.     From 
the  little  I  saw  of  this  country  as  I  went  rapidly  rolling  through  it, 
it  appeared  to  be  a  region  of  old  volcanos,  which  would  admirably 
bear  comparison  with  Scrope's  drawings  pf  the  Auvergne.     Every- 
where upon  the  road  were  black  fragments  of  volcanic  rocks,  which 
were  often  vesicular  and  sometimes  scoriaceous.     To  the  right  and 
to  the  left  were  small  cones  tlirowing  shadows  on  the  snow  as  even 
and  distinct  in  their  conical  outline  as  the  volcanos  themselves.   After 
crossing  a  small  ridge  beyond  the  station  of  Ealenishnaya,  up  a 
valley  upon  my  left  there  was  a  large  cone  with  a  broken  crater, 
down  the  sides  of  which  the  outline  of  an  ancient  stream  of  lava 
could  be  distinctly  traced.     At  one  or  two  places  along  the  valley 
in  which  I  travelled  there  were  some  large  fissures  extending  down 
from  the  mountains.     ITiese  were  generally  ten  to  twelve  feet  in 
depth,  and  from  twenty  to  forty  feet  in  width.     In  some  places  they 
intersected  the  road  and  had  to  be  crossed  by  a  bridge.     These 
openings  showed  sections  of  a  greyish  sandy  soil,  which  may  be 
regarded  as  an  alluvial  covering  to  die  volcanic  rocks  beneath. 

The  volcanic  rocks  of  the  Tunka  district,  to  which  I  have  before 
several  times  referred,  hold  a  somewhat  similar  position  to  the  alluvial 
beds  which  cap  them. 

The  serrated  outlines  of  the  mountains  which  bound  this  last- 
mentionod  district,  I  saw  on  my  way  down  the  Baikal,  and  I  also 
mentioned  them  as  being  visible  from  Irkutsk.  A  general  idea  of 
the  situation  of  these  rocks  may  be  gathered  from  the  annexed 
section,  which  I  have  drawn  from  a  description  given  to  me  by  M. 
Tcherskjr,  who  had  paid  a  visit  to  the  Tunka  \aXVe;^. 
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This  section  runs  from  S.E.  to  N.W.  across  the  valley  of  the  Hiver 
Irkut,  from  the  Syen  Mountains  to  the  Tunkusian  Alps.  These 
latter  are  made  up  of  limestones  and  pyroxenic  rocks  which  are 
much  metamorphosed.     All  that  is  known  about  them  at  present  is, 
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A,  A ,  =  Allaviom.     L,L,  =  Lara. 
Diagram  section  of  the  Irkut  Yalloy  (after  M.  Tchersky). 
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that  they  are  older  than  the  Jura  sandstones,  beneath  which  they  are 
seen  to  pass.  In  the  valley  between  these  two  ranges  of  mountains 
there  are  beds  of  lava  and  of  alluvium.  This,  like  that  on  the  road 
to  Kiachta,  is  basaltic  in  character.  I  often  inquired  about  felspathio 
lavas,  but  I  never  heard  of  them.  The  colour  of  this  lava  is  black, 
or  some  shade  of  black  or  bluish  black,  and  occasionally  grey.  It 
is  generally  compact.  When  it  is  scoriaceous,  it  sometimes  has  a 
reddish-grey  colour.  Many  of  the  specimens  which  I  saw  con- 
tained much  olivine.  In  some  places,  as  near  Tunka,  there  are 
Bmail  hills  of  lava.  These  were  at  first  thought  to  be  old  craters, 
bat  are  now  only  supposed  to  mark  the  places  where  the  lava  may 
have  welled  up  through  fissures.  The  beds  of  lava  are  not  the 
resolt  of  one  flow,  but  of  severaL  This  may  be  seen  at  several 
points  where  there  is  evidence  of  one  bed  of  lava  having  flowed, 
beoome  cool  and  scoriaceous  in  its  surface,  before  a  bed  which 
may  be  seen  lying  upon  it  ever  issued  from  the  crater.  In  some 
places  as  many  as  six  beds  may  be  seen  lying  one  upon  the  other, 
each  compact  at  its  base,  but  gradually  merging  into  a  scoriaceous 
eharacter  above.  At  one  locality  M.  Tchersky  described  to  me 
instances  of  the  peculiar  concentric  structure  which  the  lava  had 
assumed. 

From  the  exadence  we  have,  the  outburst  of  the  Tunkusian 
volcanos  must  have  extended  over  a  long  period  of  time,  apparently 
having  commenced  before  the  excavation  of  the  Tunka  valley,  which 
they  partly  filled  with  their  products.  The  next  step  was  the 
wearing  away  of  these  lavas  into  hollows,  and  into  these  an 
alinvium,  probably  identical  with  that  which  now  covers  a  great 
portion  of  Siberia,  was  deposited.  That  this  deposition  was  general 
in  its  nature  is  evident  from  the  corresponding  position  of  similar 
beds  in  neighbouring  depressions.  At  the  base  of  the  alluvium 
there  are  rounded  pebbles  of  basalt  derived  from  the  rocks  beneath. 
In  these  deposits  Mammalian  remains  such  as  of  the  Mammoth  and 
Bhinooerofl  have  been  found.  Some  of  these  beds  are  found  as 
much  as  1157  feet  above  the  village  of  Tunka,  whioYi  \a  \\jae\i  bX 
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a  considerable  height  above  the  Baikal,  and  therefore  at  still  greater 

height  above  the  level  of  the  sea. 

This  would  bring  these  deposits  of  Siberian  alluvium  almost,  if 
not  quite,  ui)on  a  level  with  any  that  have  been  deposited  upon  the 
Mongolian  plateau,  about  which  I  shall  speak  presently,  both  of 
them  indicating  a  great  depression  of  land  beneath  water  that  was 
in  all  probability  fresh  in  recent  times.  Up  this  same  valley  there 
ai'e  some  beds  of  unstratified  alluvium,  in  which  there  are  buried 
angular  blocks  of  rock  not  belonging  to  the  district  in  wbioh  they 
are  found.  Although  I  made  all  inquiries  I  could  about  these, 
their  discoverer,  M.  Tchersky,  did  not  lead  me  to  understand  that 
they  afforded  evidence  of  glacial  origin.  Nevertheless,  further 
observations  may  show  them  to  have  been  derived,  perhaps,  from 
local  glaciers.  If  this  is  so,  then  we  have  a  fragment  of  the  evidence 
that  is  needed  to  establish  the  fact  that  this  portion  of  Siberia  wns 
once  invaded  by  ice.  When  this  is  adduced,  the  origin  of  the  earlier 
deposits  of  the  Siberian  drift  may  be  explained  in  a  manner  diflforent 
to  that  which  I  have  suggested. 

On  the  same  afternoon  tliat  I  passed  through  the  volcanic  district 
of  Kalenishnaya,  I  met  one  or  two  tea  caravans.  The  flat  faces  and 
oblique  eyes  of  the  men  who  drove  these  told  me  my  European 
associations  must  soon  end,  and  I  should  be  very  shortly  among  the 
Mongols.  That  night  I  i*eached  Troitskosarsk.  This  town  lies  near 
the  head  of  a  sloping  valley,  bounded  on  either  side  by  hills  of  a 
moderate  height.  About  two  miles  from  this,  down  the  valley,  is 
Kiacrhta,  the  Kussian  frontier  town,  which  immediately  abuts  on 
the  palisaded  Chinese  town  of  Miamachin.  lliese  three  towns  are 
l)etter  known  and  spoken  of  under  the  name  of  Kiachta,  which  is 
the  smallest  of  the  three.  It  is  seldom  that  there  is  suflBcient  snow 
about  Kiachta  to  enable  sledges  to  be  used;  however,  there  was 
quite  enough  upon  the  surrounding  hills  to  prevent  me  from  ascend* 
ing  them.  In  the  valley  there  are  beds  of  an  earthy  sand,  through 
which,  in  places,  I  saw  sections  twenty  feet  in  thickness,  cut  by  a 
small  stream  which  flows  down  through  them  towards  the  Selinga. 
The  wearing  away  of  this  sandy  covering  gives  the  arenaceous  charac- 
ter to  the  soil  of  the  neighbourhood,  which  is  so  striking  to  all  visitors. 

At  Kiachta  I  was  delayed  several  days  before  I  could  complete 
my  arrangements  for  crossing  IMongolia,  which  was  now  before  me. 
My  intention  had  been  to  travel  with  a  Russian  officer  whose 
acquaintance  I  had  made  in  Irkutsk.  In  Kiachta  my  intentions  were 
frustrated  by  the  Commissary  of  the  Frontier  showing  me  that  as 
my  friend  was  to  travel  as  a  courier  by  a  special  route,  it  was  not 
permissible  to  allow  me  to  proceed  by  the  same  road,  without 
violating  arrangements  entered  into  between  the  Kussian  and 
Chinese  Governments  respecting  couriera  and  the  routes  they  travel. 
Disappointed  in  this,  I  next  made  arrangements  to  accompany  some 
Mongols  who  were  conducting  a  ciiravan  as  far  as  Chaugiakau  or 
Kalgan,  the  frontier  town  between  China  and  Mongolia.  I  had  ^ve 
camels  for  myself,  my  baggage,  and  a  Cossack,  whom  the  Commissary 
veiy  kindly  allowed  to  conduct  me  as  far  as  Fokin. 
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It  was  tbe  9tb  of  December  before  I  started.  After  passing 
iamacbin,  wbicb  I  may  remark  is  tbe  cleanest  town  in  Cbina,  we 
ere  soon  in  tbe  open  country  and  upon  a  sandy  tract  between  low 
lootb  bills.  Towards  evening  we  entered  a  flattisb  plain,  aft^r 
oasing  wbicb  we  were  again  among  some  bills.  Owing  to  tbe 
Ipperiness  of  tbe  road,  we  bad  great  difficulty  in  getting  our 
mels  up  tbe  steeper  slopes.  It  was  now  bitterly  cold,  tbe  tempera- 
re  varying  between  — 18°  and  — 21°  R. ;  sometimes  it  was  ratber 
98,  and  often  more.  During  tbis  portion  of  our  journey  we  took 
^vantage  of  tbe  moonligbt  nigbts.  Starting  at  10  a.m.  we  generally 
ivelled  continuously  until  7  or  8  p.m.,  wben  we  rested  balf  an 
lur  for  tea,  after  whicb  we  continued  until  2  a.m.  before  finally 
sting  for  tbe  nigbt. 

On  tbe  morning  of  tbe  lltb  we  passed  near  tbe  valley  of  tbe 
Iver  Sbarinkol,  wbere  tbere  were  some  fir-trees  on  tbe  bills,  and  in 
e  afternoon  we  passed  along  a  valley  bounded  on  eitber  side  by  a 
ries  of  low  peaks.  Tbe  only  birds  we  saw  were  ravens,  magpies, 
small  fincb,  and  some  sparrows.  We  met  witb  tbe  former  of 
jese  along  the  wbole  of  our  route  across  tbe  desert  Tbey  were 
try  bold,  and  in  spite  of  our  best  endeavours  tbey  continually 
tUed  on  tbe  backs  of  our  camels,  to  tear  open  tbe  provision  bags. 
At  many  points  along  tbis  portion  of  tbe  route  the  growtb  of 
988  upon  tbe  nortbern  slope  of  the  bills,  wbile  tbe  southern  side 
as  barren,  was  very  noticeable.  As  a  consequence  of  this,  tliese 
Qthem  slopes,  being  destitute  of  any  covering  wbich  could  prevent 
e  percolating  water  and  other  denuding  agencies  from  carrying 
aterial  away,  were  steep  and  scarp-like ;  whilst  tbe  northern  slopes, 
itb  tbeir  protective  covering  of  vegetation,  were  more  gentle 
tbeir  inclination. 

It  migbt  of  course  be  argued  tbat  it  was  the  gentle  slope  wbicb 
oJuoed  the  trees ;  but  I  hardly  tbink  tbat  this  could  bave  been  tbe 
86,  as  I  saw  examples  of  gentle  slopes  towards  the  soutb  which 
ere  as  equally  destitute  of  any  covering  as  the  steeper  ones.  In 
any  of  the  valleys  I  saw  sections  of  a  sandy  drift  something 
ce  tbat  around  Eiachta,  whicb  must  in  certain  cases  bave  been 
ore  tban  forty  feet  in  tbickness.  In  tbe  upper  parts  of  this  I 
(Served  many  fragments  of  granitic  rocks. 

On  tbe  night  of  the  11th,  about  12  p.m.  we  entered  a  steep  pass 
lied  tbe  Makatab,  and  it  was  not  until  2  p.m.  next  day,  after  27 
(urs  of  continuous  travelling,  that  we   could  consider  ourselves 
be  fairly  through  it. 

At  about  midnight  on  tbe  13tb  Dec.  we  crossed  tbe  Olindowa  Pass, 
id  at  7  A.M.  tbe  Gutinawa  Pass,  reaching  Urga  on  the  afternoon  of 
e  same  day.  The  approacb  to  the  town  is  down  a  broad  flat 
dley,  bounded  on  eitber  side  by  steep  hills.  At  right  angles  to  the 
d  of  tbis  valley  tbere  is  a  bigb  range  of  bills,  beneath  wbicb,  at 
e  confluence,  so  to  speak,  of  three  openings  in  tbe  range  Urga  is 
»ated. 

Up  to  tbis  point,  all  tbat  I  saw  were  a  few  granitic  rocks,  and  a 
Dsiderable  covering  of  alluvium. 

DECAPf  U. —  VOL.    Y. — HO.   I.  % 
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I  left  this  religions  Mongolian  centre,  which  is  the  residence  of 
a  living  Budda,  on  Thursday  the  16th  of  December.  The  valley  by 
which  I  made  my  exit  was  to  the  left,  and  at  right  angles  to  the 
one  by  which  I  had  entered.  It  was  about  three-quarters  of  a  mile 
broad,  and  was  covered  with  large  boulders  and  rounded  stones. 
Some  of  these  were  granite,  others  sandstones,  and  others,  I  think, 
were  limestone.  There  were  also  some  chloride  crystalline  rocks 
like  greenstone.  Not  long  after  leaving  Urga,  we  led  our  camels 
over  the  frozen  waters  of  the  River  Tola,  which  was  apparently 
made  up  of  two  streams,  each  about  twenty  yards  in  breadth.  On 
some  of  the  hills,  where  steep  scarps  prevented  an  accumulation  of 
snow,  red-coloured  stratified  rocks  dipping  towards  the  south  were 
visible.  Before  the  end  of  the  next  day  the  trees,  which  had  been 
gradually  becoming  scarcer,  entirely  disappeared.  With  this  dis- 
appearance, the  magpies,  which  had  thus  far  accompanied  us,  also 
disappeared,  and  all  that  we  had  left  as  companions  were  large 
black  ravens.  The  country  was  hilly,  but  smooth  in  outline,  until 
the  morning  of  the  19tli,  when  we  entered  a  large  plain,  which  was 
brown  with  grass  cropping  up  through  a  thin  covering  of  snow. 
The  hills  surrounding  this  plain,  which  was  typical  of  the  countiy 
for  several  succeeding  days,  although  not  high,  were  very  rugged. 
On  examination  I  found  them  to  be  made  up  of  black,  and  in  some 
few  cases  reddish  rocks  of  volcanic  origin,  which  were  apparently 
basaltic.  Where  the  snow  had  been  blown  away  by  the  wind, 
or  worn  away  by  traffic,  I  often  saw  large  quantities  of  agate, 
jasper,  and  chalcedony,  resulting  from  the  decomposition  of  the 
amygdaloidal  portions  of  this  rock.  On  the  22nd  we  reached  a 
village  called  Teck-sha-buinta,  where  I  narrowly  escaped  hostilities. 
The  country  beyond  this  was  very  similar  to  that  which  I  had  just 
been  traversing.  Most  of  the  hills  were  low  and  undulating,  but 
some  few  rose  to  heights  of  about  400  feet,  and  had  ragged 
summits.  In  addition  to  the  black  basaltic  rocks,  there  were  now 
some  pinkish  porphyritic  felsites.  Some  of  these  were  phonolitic, 
giving  out  a  clear  ringing  sound  when  struck.  The  ground  was 
everywhere  perforated  by  the  burrows  of  small  marmots  (Lagomys 
Ogotono),  There  were  also  a  few  hares  (Lepus  Tolai),  a  few  large 
kites,  and  ravens,  and  two  or  three  finches  to  be  seen.  These,  with 
a  few  antelopes  (Antilope  gutturosa)^  and  an  occasional  partridge 
(Perdix  harhata),  constituted  the  desert  life. 

Through  some  of  our  camels  suffering  with  sore  feet,  I  was 
delayed  for  two  days  at  a  place  called  Kooistilroi,  where  there  were 
two  or  three  felt  tents  or  yourts,  the  head-quarters  of  a  Mongolian 
Mandarin.  I  left  this  place  on  the  25th  December.  On  the  evening 
of  the  same  day,  near  our  first  camping  place,  I  saw  some  large 
boulders  of  granite.  ITiese  were  lying  on  the  surface  of  the  ground, 
and,  I  think,  must  have  been  produced  by  disintegration  from  the 
rocks  on  which  they  rested.  All  next  day  the  country  through 
"Which  we  passed  was  granite,  and  there  were  so  many  boulders 
lying  about,  that  during  the  night  it  was  necessary  to  have  a  lantern 
1^  oriel  to  steer  safely  through  them.     On  the  28th  these  boulders 
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ere  so  numerous  that  thej  formed  quite  a  rockery  like  feature  in 
te  landscape. 

On  the  4th  of  January  the  character  of  the  country  changed,  and 
now  looked  as  if  the  whole  surface  of  the  ground  had  been  cut 
3  into  earthworks  for  purposes  of  fortification.  Instead  of  the 
dtty  remains  of  a  degraded  granite,  we  now  had  much  red  sand. 
At  11  A.H.  next  day  we  sighted  mountains  before  us.  From  the 
agments  of  rock  strewn  about  in  the  pass  leading  through  them, 
ley  probably  consisted  of  granite  and  greenish  porphyry.  The 
laoe  at  which  we  crossed  was  called  Haita,  and  the  mountains,  I 
dieve,  the  (Jgundui  Mountains.  At  this  point  magpies  agam 
>peared.  The  rest  of  our  road  was  mostly  over  rolling  plains, 
ith  here  and  there  a  ridge.  By  daybreak  on  the  morning  of  the 
h.  of  January  I  was  leaving  the  Mongolian  plains,  and  was 
ascending  a  steep  and  rocky  pass  towards  Ealgan,  which  was  then 
most  beneath  my  feet,  there  being  on  all  sides  of  me  rocks  of 
amistakably  volcanic  origin. 

While  on  this  portion  of  my  journey,  which  lasted  31  days, 
le  thermometer  registered  from  0°  to  — 24°  R.  The  ground  was 
most  everywhere  covered  with  snow,  which  we  had  to  scrape  away 
henever  we  wished  to  pitch  our  tent  This  was  generally  about 
p.ii.,  when  we  rested  until  9  p.m.,  the  remainder  of  the  24  hours 
ding  spent  in  continuous  travelling,  time  not  being  allowed  even 
>r  food.  I  had  only  one  opportunity  to  take  off  any  of  my  clothes, 
id  that  was  at  Urga,  where  I  also  had  a  wash.  This  latter  action 
repeated  three  times  when  the  thermometer  rose  to  — 10°  R. 
[y  time  was  chiefly  spent  in  trying  to  thaw  food  for  myself  over 
small  fire  of  camel's  dung,  or  else  in  endeavouring  to  keep  warm. 
hese  circumstances,  together  with  the  fact  that  I  was  so  bundled 
I  skins,  that  it  was  with  difficulty  I  could  walk,  will,  in  part, 
30Otint  for  the  meagreness  of  my  observations  along  this  section  of 
ly  journey,  and  the  only  reason  that  I  now  venture  to  offer  them  is, 
lat  80  little  is  known  of  this  portion  of  the  world. 

Conclusion, — This  portion  of  Mongolia  lying  .between  Eiachta  and 
iaigan,  according  to  the  measurements  of  MM.  Fuss  and  Y.  Bunge, 
id  later  Fritsche,  would  appear  as  a  saucer-shaped  plateau,  the 
iter  edges  of  which  are  about  5000  feet  above  sea-level,  while  the 
mer  central  part  is  only  from  2000  to  2400  feet  The  ascent  to 
lis  table-land  is  gentle  and  by  a  series  of  undulations  upon  the 
orihem  side,  while  on  the  southern  side  it  is  precipitous  and  by  a 
ngle  pass.  The  inner  parts  of  this  saucer,  which  is  moro  elliptical 
lan  circular  in  form,  slope  gently  towards  a  level  central  area.  The 
'hole  of  this  shallow  basin  is  traversed  at  intervals  by  low  moun- 
ins  and  rounded  hills.  From  what  I  saw  it  would  appear  as  if 
r>lcanic  rocks  formed  the  predominating  geological  feature  of  the 
mntry.  These  in  the  northern  parts  were  moro  or  less  basaltic 
id  very  often  amygdaloidal.  The  amygdules  of  these  rocks  were 
lied  with  some  siliceous  mineral  like  quartz,  and  this,  1  may  add, 
eneially  had  a  coating  of  a  chloritic  mineral  interposed  between 
and  tiie  sides  of  the  cavi^j  in  wbioh  it  rested.    In  t\\ib  mox^ 
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southern  parts  of  the  volcanic  districts  the  rocks  appeared  to 
be  more  felsitic  in  their  character.  Some  of  these  were  markedly 
porphyritic,  while  at  Koorstelroi  they  were  phonolitic  The  rocks 
which  form  the  lower  edge  of  the  plateau  near  Kalgan  are  described 
by  Pnmpelly  as  being  porphyritic  felsites.  Those  which  I  saw  in 
the  upper  portions  of  the  pass  at  this  point  differed  from  those  lower 
down;  while  the  upper  ones  were  amygdaloidal  and  somewhat 
basaltic  in  appearance,  the  lower  ones  were  felsitic.  Where  these 
volcanic  rocfcs  occurred,  they  generally  stood  up  above  the  surround- 
ing country  as  hard  rough  ridges.  When  they  were  elevated  and 
brought  to  view  by  refractive  agencies  producing  the  Fata  Morgana, 
which  was  a  common  phenomenon  while  travelling  in  the  desert, 
they  appeared  as  nigged  islands  floating  on  a  level  silvery  sea. 
The  other  rocks  which  I  saw  were  chiefly  granitic.  The  first  of 
these  occurred  as  boulders  which  I  half  suspected  had  been 
transported  by  the  action  of  ice.  This  I  afterwards  found  not  to  be 
the  case,  as  I  shortly  afterwards  (Doc.  28th)  came  upon  a  district 
where,  by  the  ordinary  procespes  of  degradation,  these  boulders  were 
being  weathered  out  from  their  parent  rock.  In  this  district,  throngk 
the  disintegration  of  the  granite,  the  road  was  very  gritty  and  the 
ground  hard.  Apparently  as  a  consequence  of  this,  there  was  an 
absence  of  the  small  burrowing  pika,  which  before  had  been  visible 
at  every  point  along  the  road.  The  buzzard,  which  feeds  upon  the 
pika,  was  naturally  absent  also.  Not  only  would  the  geological 
nature  of  the  district  in  this  way  affect  the  animals,  bat  it  would 
also  have  an  important  influence  upon  the  plants. 

In  one  place,  on  the  31st  December,  I  noticed  a  syenitic  rock. 
Besides  these  volcanic  and  granitic  rocks,  there  was  the  covering  of 
sandy  drift.  In  the  Kalgan  Pass  this  had  the  appearance  of  a  reddish 
and  sometimes  whitish  marl.  As  to  whether  the  marls  and  sands 
of  the  Grobi  plateau  have  any  connexion  with  similar  deposits  in 
Siberia,  I  should  be  afraid  to  say  before  further  evidence  can  be 
adduced,  all  that  I  can  do  being  to  refer  to  what  I  said  about  the 
high  levels  of  the  terrace  deposits  in  the  valley  of  the  Tunka. 

Mr.  Pumpelly,  who  traversed  this  same  region  in  1864,  at  a  similar 
season  of  the  year  as  that  at  which  I  crossed  it,  was  more  fortunate 
in  his  observations,  this  being  partly  due  to  his  having  taken  a  some- 
what different  route. 

Starting  from  Kalgan  at  Lake  Bilika  Noor,  he  found  horizontally 
stratified — 1.  Yellowish  grey  limestone ;  2.  Thin  beds  of  clay  or 
eartli  with  manganese  concretions ;  3.  Bed  of  crystalline  gypsum ; 
4.  Gypsum  with  red  clay.  The  last  mentioned  being  the  oldest  or 
lowest  in  the  series.  This  was  before  reaching  the  Mingan  Hills, 
where  quartzite,  compact  sandstone,  and  a  talco-argillaceous  schist, 
dipping  at  a  high  angle  towards  the  N.E.,  were  found.  Beyond  this, 
beds  of  limestone  were  met  dipping  S.S.W.  Still  further  on  the 
road,  a  whit«  calcareous  sandstone,  with  thin  beds  of  an  interstratified 
arenaceous  limestone,  was  observed.  Sandstone  was  next  found,  and 
then  granite,  until  the  valley  of  the  Ulanoor  was  reached,  where 
.  clayslate  was  met  with,  and  afterwards  more  granite. 
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Beyond  this,  at  the  hills  of  Senji,  mioaoeous,  argillaceous,  and 
talcoee  schists,  traversed  with  dykes  of  greenstone,  were  seen.  Beyond 
these  hills,  after  eleven  days'  journey  since  leaving  Ealgan,  hasalt 
was  met  with,  which  rose  in  cones  from  100  to  150  feet  in  height. 
After  this,  calcareous  sandstone,  conglomerate  and  limestone  were 
met  with,  which  were  followed  by  more  granite,  mica-schist,  and 
dolomite. 

On  the  15th  day  of  travel,  trachytic  porphyry  was  met  with.  On 
the  16th  day,  granitic  and  syenitic  rocks.  On  the  2l6t  day,  just 
before  reaching  Urga,  hills  of  a  black  metamorphosed  slate  were  seen. 
These,  together  with  the  Steppe  deposits  of  alluvial  n^terial,  appear 
to  have  been  the  chief  geological  points  which  were  observed. 

Placing  my  fragmentary  gleanings  along  with  the  notes  collected 
by  Mr.  Pumpelly,  it  would  appear  that  there  is  considerable  geolo- 
gical variety  to  be  found  upon  the  Mongolian  plateau,  which  is 
OBoally  pictured  as  a  sandy  waste,  known  under  the  name  of  the 
Deeert  of  Oobi  or  Shamo. 

The  younger  formations  of  this  area  apparently  give  evidence  of 
m  large  sheet  of  water  havii^  at  one  time  oovei*ed  this  portion  of  the 
globe,  which  in  itaelf  probably  implies  enormous  subsidence.  Such 
vast  changes  in  the  relEition  of  land  and  water  in  this  portion  of  the 
globe,  if  they  can  be  really  shown  to  have  occurred,  would  at  once 
give  some  clue  to  the  climate  of  past  time,  the  distribution  of  faunas, 
and  other  like  phenomena,  which  are  not  only  interesting  as  facts  in 
the  history  of  our  globe,  but  which  also  have  a  practical  bearing 
upon  our  present  welfare. 

Then  there  are  the  volcanos.  These,  I  believe,  from  what  I 
learnt  from  M.  Paderin,  Acting  Eussian  Consul  at  Urga,  who  had 
leoently  made  a  visit  to  Ulisaitai,  and  from  what  I  learnt  from  other 
soarces,  must  have  covered  an  area  as  large  and  perhaps  larger  than 
any  other  volcanic  district  with  which  we  are  acquainted.  In  the 
moontains  of  Manchuria  the  flickering  embers  of  these  fiery  out- 
burata  appear  to  have  continued  down  to  historic  times,  and  no 
doubt,  as  Mr.  Pumpelly*  renuirks,  the  violent  earthquakes  which 
shake  the  districts  of  North  Chihli,  and  which  1  have  described  as  of 
oontinual  occurrence  round  Lake  Baikal,  are  remnants  of  this  action. 

Altogether  Mongolia  is  an  interesting  region*  and  one  which 
would  repay  the  ge^ogist  who  could  visit  it  at  a  favourable  season. 

XoTB. — See  Geolo^cal  Kesearches  in  China,  Mongolia,  and  Japan,  by  Raphael 
Pmnpellj.    Smithsonian  Contributions  to  Knowledge.    No.  202. 

{To  be  continued  in  our  next  Number,) 

IV. — ^Pal2bolithio  Implembnts  from  the  Valley  op  the  Axe. 

ByW.  S.  M.  D'Ueban,  F.L.S., 
Curator  of  the  Devon  and  Exeter  Albert  Memorial  Museum,  Exeter. 

AT  Broom,  in  the  parish  of  Hawkchurch,  near  Axminster,  close  to 
the  Biver  Axe,  in  the  angle  formed  by  the  junction  of  a  tribu- 
tary brook  with  it,  is  a  low  hill,  the  summit  of  which  is  about  50 
feet  above  the  level  of  the  rails  of  the  London  and  South- Western 
Bailway,  which  runs  at  its  base.     This  hill  oonsista  o£  ^  mo^Aa  ol 
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chert  gravel  intermingled  with  ferruginous  clay  of  a  yellow  colour, 
and  interstratified  wiih  seams  of  sandy  clay,  without  shells  or  other 
animal-remains,  as  far  as  is  at  present  known.  There  are  a  few 
much-rolled  pebbles  of  quartz ;  of  a  hard  dark-grey  silioeous  rock ; 
and  of  chalk  flints,  mingled  with  the  chert  fragments,  many  of 
which  are  angular  or  subangular.  It  has  been  out  into  for  ballast 
for  the  railway,  and  about  half  has  been  removed  in  the  last  fifteen 
years,  exposing  a  section  of  from  40  to  50  feet  in  depth.  The  bottom 
of  the  pit  is  on  a  level  with  the  rails,  which  are  a  few  feet  above  die 
river,  and  about  150  feet  above  the  level  of  the  ses^  about  six  miles 
distant  The  chert  gravel  was  probably  derived  from  the  Oreensand 
which  caps  the  hills  inclosing  the  valley. 

In  this  gravel  during  the  present  year  have  been  found  numerous ' 
implements  of  the  usual  Pdseolithio  forms,  made  of  very  dark  brown 
chert.  Some  of  them  have  been  much  rolled,  but  the  majority  are 
quite  sharp  and  uninjured.  Many  have  been  picked  up  on  the  rail- 
way af^er  the  gravel  has  been  used  for  ballasting  the  line.  It  is 
unfortunate  that  none  have  been  found  in  8it4  by  any  one  except  the 
workmen,  but  from  the  nature  of  the  gravel  it  is  very  difficult  to 
distinguish  them  from  the  surrounding  mass,  until  they  have  been 
washed  clean  by  the  rain.  Some  have  been  deposited  in  the  Black- 
more  Museum  at  Salisbury,  and  a  large  number  have  been  secured 
for  the  Albert  Memorial  Museum  at  Exeter. 

Note. — We  have  been  favoured  by  Mr.  W.  S.  M.  D'Urban  with 
a  set  of  three  photographs,  8vo.  size,  containing  admirable  repro- 
ductions of  the  forms  of  36  of  these  Palseolithic  chert  implements 
from  the  River-drift  Gravel  of  the  Valley  of  the  Axe — now  pre- 
served in  the  Exeter  Museum.  They  convey  an  excellent  idea  of 
the  form  of  these  unpolished  implements,  which  remind  one  of  the 
elliptical  form  of  River-drift  implements  from  Icklingham,  and  others 
of  the  acutely-pointed  and  ovate-pointed  flint-implements  from  River- 
drift,  Hoxne,  Norfolk,  figured  in  the  Geol.  Mag.  1873,  Vol.  X.  pp. 
4-10,  Plates  I.  and  IL,  copied  from  "Ancient  Stone  Implements, 
etc.,  of  Great  Britain;"  by  John  Evans,  D.C.L.,  F.R.S.,  V.P.G.S., 
1872,  8vo.  (see  Fig.  421,  p.  490,  Fig.  449,  p.  619,  and  Fig.  450, 
p.  520).  Mr.  D'Urban  informs  us  that  '* copies  of  these  photographs 
may  be  obtained  at  le.  6d.  each,  or  4«.  6d.  the  set,  which  is  cost 
price." — Edit.  Geol.  Mag. 
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CiPHALOPODEs.  Etudes  Generalks;  Extraits  du  Systeme  Silubikn 
Du  Centre  de  la  BonfeME.  Par  Joachim  Barrandb.  8vo.  pp. 
253,  4  plates  and  several  tables.     (Prague,  1877.) 

IN  this  memoir  M.  Barrande  gives  us  a  most  interesting,  and  in- 
structive, summary  of  bis  valuable  researches  on  the  embryology, 
organization,  distribution  and  range  of  the  Palaeozoic  Cephadopods, 
with  additional  notes  on  the  Secondary,  Tertiary,  and  existing 
species.  The  greater  part  of  his  observations  are,  however,  founded 
on  an  examination  of  the  Bohemian  forms,  1127  in   number,  or 
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nearly  one-half  of  the  known  species  from  the  ancient  rooks  of 
the  two  continents.  The  specimens  are  said  to  occur  very  abundantly, 
and  in  a  good  state  of  preservation,  often  affording  evidence  of  the 
internal  structure.  After  a  critical  analysis  of  the  distribution  of  the 
order  in  time,  and  a  rigid  investigation  of  the  origin  and  growth  of 
the  shell  in  the  NatUilidat  M.  Barrande  feels  a  positive  conviction 
that  no  facts  favourable  to  the  theory  of  Evolution,  or  descent  by 
modification,  can  possibly  be  derived  from  a  systematic  study  of  the 
Cephalopoda. 

In  a  review  of  the  Embryological  literature  of  the  subject,  it  is 
mentioned  that  Dr.  Robert  Hooke  was  the  first  to  call  attention  (in 
a  paper  read  before  the  Koyal  Society  of  London  in  1696),  to  the 
initial  development  of  the  shell  in  Navtiliis,  and  the  value  of  the 
publications  of  Prof.  Phillips,  MM.  de  Koninck,  Franz  Hauer, 
Alph.  Hyatt,  F.  and  G.  Sandberger,  etc.,  etc.,  in  the  present  century, 
is  duly  acknowledged.  It  appears  from  their  researches,  and  those 
of  M.  Barrande,  that  there  exists  a  most  important  radical  difference 
between  the  early  stages  of  the  development  of  the  families  Amman- 
iUda  and  Ooniatida,  as  compared  with  that  of  the  Nautiliday  an 
ovisac  being  always  present  in  the  former,  and  absent  in  the  latter. 
This  fact  alone  is  considered  by  M.  Barrande  as  sufficient  evidence 
of  the  non-derivation  of  the  AmmoniteSt  and  Goniatites  from  the  primi- 
tive Nautilida,  for,  it  is  urged,  if  a  correspondence  in  the  embryonic 
characters  of  diverse  genera  be  regarded  as  proof  of  their  descent  by 
modification  from  some  common  ancestor,  it  must  necessarily  follow 
that  so  marked  a  contrast  is  a  sure  indication  of  an  independent 
origin.  Again,  it  is  contended  that  the  embryonic  type  of  the 
primitive  Nautilida  persists  unchanged  up  to  the  present  time,  while 
that  of  the  families  Ganiatida,  and  Ammonitida,  appears  suddenly,  and 
retains  its  distinctive  characters  until  the  final  extinction  of  all  the 
genera  of  which  they  are  composed.  Moreover,  an  examination  both 
of  the  external  and  internal  structure  of  the  Oephalopods,  whether 
as  considered  with  regard  to  the  position  and  diameter  of  the  syphon, 
or  the  size,  curvature,  ornamentation,  and  composition  of  the  shell, 
absolutely  fails  to  furnish  any  evidence  of  progressive  development, 
but  shows,  on  the  contrary,  that  any  variation  in  these  characters 
had  no  effect  whatever,  either  upon  the  number  of  a  species,  or  the 
vertical  range  of  a  genus.  For  instance,  M.  Barrande  observes  that 
although  the  NatUilida  possessed  of  a  compound  opening  might  be 
looked  upon  as  more  highly  organized  than  those  with  a  simple  one, 
yet  both  these  forms  were  simultaneously  represented  in  the  lowest 
beds  of  the  second  Silurian  zone,  the  simpler  forms  also  were  speci- 
fically far  more  numerous,  and  endowed  with  a  much  greater  power 
of  vitality.  Thus,  as  the  accompanying  Table  shows,  five  out  of  the 
six  compound  types  were  restricted  to  the  Silurian  rocks,  one  only 
ranged  up  to  the  Carboniferous,  while,  of  the  12  simpler  forms,  but 
six  died  out  at  the  close  of  the  Silunan,  the  straight-shelled  Ortho- 
eeras  living  on  to  the  Trias,  and  the  whorled  Nautilus  persisting  even 
to  the  recent  period.  The  evidence  of  the  few  admitted  intermediary 
forms  is  also  regarded  aa  invalid,  on  account  of  the  anacYiiom^Tii  Vci- 
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volved  in  their  first  appearance  afier  the  genera  wbicb  they  migH 
otherwise,  be  supposed  to  connect 

The  author  is  £Jso  of  opinion,  that  the  simnltaneons  oocarrenoe 
of  twelve  primitive,  cosmopolitan  types  at  the  base  of  the  second 
Silurian  zone  (=L.S.)  is  absolute  proof  of  their  independent  origin. 
It  must,  however,  be  noted  that  the  assumed  absence  of  all  Cepha- 
lopods  and  Acephala  in  the  primiordial  zone  rests  solely  on 
negative  evidence,  and  testimony  of  that  nature  is  subject  to  con- 
thiual  modification,  of  which  the  long  controverted  existence  of 
fishes  in  the  Upper  Silurian  rocks  and  of  Mammalia  in  the  Pur- 
becks  may  serve  as  examples.  It  is  probable,  also,  that  Evolntionists 
will  be  inclined  to  regard  the  wide  distribution  of  the  so-termed 
primitive  types  as  indicating  their  antiquity,  and  they  will  not, 
therefore,  share  M.  Barrande's  ideas  as  to  the  utter  impossibility  of 
the  discovery  of  a  centre  of  development  in  some  of  the  unexplored 
Cambrian  areas.  It  may  be  add^  that  in  the  Lower  Tremadoo 
rocks  of  St  Davids,  in  South  Wales  (now  classed  on  palseonto- 
logical  grounds  as  Upper  Cambrian),  Mr.  Henry  Hicks  has  already 
recorded  the  presence  of  one  species  of  Orthoceras  and  twelve  of 
Lamellibraiichiata. 

In  concluding  his  investigations  M.  Barrande  alludes  in  eulogistic 
terms  to  the  admirable  memoir  by  Mr.  lliomas  Davidson'  on 
"  What  is  a  Brachiopod  ?  "  He  refers,  likewise,  to  the  publications 
of  M.  Grand'Eury  on  the  Carboniferous  flora  of  Central  France, 
and  to  the  views  expressed  by  Mr.  Carruthers  in  his  address  to  the 
Geologists'  Association,'  as  being  in  complete  fiMX>ordance  with  the 
results  of  his  own  researches,  and  thus  considers  it  manifest  that  no 
support  to  the  theory  of  Evolution  can  be  derived  either  from  the 
Vegetable  Kingdom,  or  from  the  Brachiopoda,  Crustacea,  and  Cepha- 
lopoda in  the  animal  domain. 

The  foregoing  Table  ( pp.  40-41 ) ,  compiled  from  five  of  the  author's, 
indicates  the  chief  points  of  his  classification,  the  geological,  and 
geographical  horizons  of  the  primitive  types,  the  vertical  distribution 
of  the  families  NautiHda,  Aacocerattdaf  and  Goniatida,  and  the  number 
of  species  of  each  genus  in  which  the  embryological  characters  have 
been  satisfactorily  determined.^  A.C. 


Gkolooical  Society  OP  London. — I. — Nov.  21, 1877. — John  Evans, 
Esq.,  F.li.S.,  D.C.L.,  Vice-President,  in  the  Chair.— The  following 
communications  were  read :  — 

1.  *'  On  the  Glacial  Deposits  of  West  Cheshire,  together  with  Lists 
of  the  Fauna  found  in  the  Drift  of  Cheshire  and  adjoining  Counties." 
By  W.  Shone,  Esq.,  F.G.S. 

The  conclusions  arrived  at  by  the  author  in  this  paper  were  as 

'  Geol.  Mao.,  April,  May,  June,  1877.  »  Geol.  Mao.,  Dec.  1876. 

'  For  a  previous  review  of  M.  Barrande's  labours  on  Cephalopoda,  see  Geol. 
^ifUo,  1870,  Vol  YILp.  486. 
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follows : — Like  Prof.  Hull,  he  distiDguished  a  triple  division  of  the 
deposits  under  consideration.  1.  The  Lower  Boulder-clay,  or,  as  he 
preferred  to  call  it,  Lower  Glacial  Drift,  resting  immediately  upon 
the  eroded  surface  of  the  Eeuper,  consists  for  the  most  part  of  com- 
pact clay,  containing  numerous  and  large  striated  erratics,  together 
with  a  fauna  of  Scandinavian  type,  the  Oasteropoda  being  generally 
filled  with  fine  silt  containing  Microzoa.  The  author  believed  that 
the  shells  found  in  this  deposit  were  principally  distributed  by 
ground-ice,  which  took  them  up  and  floated  them  off  the  shore.  2. 
The  Middle  Sands  and  Gravels,  or  Interglacial  Drift  of  the  author, 
consist  chiefly  of  sands  and  gravels  containing  few  (if  any)  glaciated 
stones.  The  fauna  of  this  division  is  Celtic,  with  a  few  Scandina- 
vian species  derived  from  the  Lower  Boulder-clay ;  the  shells  were 
distributed  principally  by  currents  ;  and  the  Gasteropoda  seldom,  if 
ever,  filled  with  sand  containing  Microzoa.  8.  The  Upper  Boulder- 
day  or  Upper  Glacial  Drift,  is  composed  for  the  most  part  of  clay 
not  so  compact  as  the  Lower  Boulder-clay,  and  containing  fewer  and 
smaller  glaciated  stones,  which  are  moi-e  abundant  near  the  base. 
The  fauna  is  Scandinavian  at  the  base  of  the  beds.  The  shells  were 
distributed  principally  by  ground-ice,  and  those  of  southern  type 
derived  from  the  Middle  Sands  and  Gravels.  The  Gasteropoda  are 
diiefly  filled  with  silt  containing  Microzoa.  The  paper  was  accom- 
panied by  lists  and  tables  of  fossils,  a  large  collection  of  which  was 
exhibited  in  illustration  of  the  paper. 

2.  "  The  Moffat  Series."     By  C.  Lapworth,  Esq.,  F.G.S. 

The  fossils  found  in  the  highly  convoluted  Lower  Silurian  rocks 
of  the  southern  uplands  of  Scotland  are  usually  restricted  to  certain 
narrow  bands  of  black  carbonaceous  and  Graptolitic  shales,  which, 
from  their  especial  abundance  in  the  neighbourhood  of  the  town  of 
Moffat,  Dumfriesshire,  are  known  to  geologists  as  the  Moffat  Shales 
or  Moffat  Series. 

The  most  perfect  section  of  the  black  shales  visible  within  the 
Moffat  area  is  exhibited  in  the  cliffs  of  the  gorge  of  Dobb's  Linn,  at 
the  head  of  Moffatdale.  It  was  shown  by  the  author  that  they  are 
bere  disposed  in  a  broken  and  partially  inverted  anticlinal,  which 
throws  off  on  both  sides  the  basal  beds  of  the  surrounding  non- 
fossiKferous  greywackes.  They  are  distinctly  arranged  in  three  suc- 
cessive groups  or  divisions.  Each  of  these  divisions  is  distinguished 
hj  special  lithological  characteristics,  and  possesses  a  distinct  fauna. 
To  the  lower  and  middle  divisions  a  few  fossils  are  common,  but 
between  the  middle  and  upper  divisions  the  palaeontological  break  is 
complete.  These  divisions,  again,  are  naturally  subdivided  info 
seTeral  zones,  each  characterized  by  special  species,  or  groups  of 
species. 

A  larger  exposure  of  the  same  deposits  occurs  at  Graigmichan,  a 
few  miles  to  the  south-west,  where  the  beds  of  the  lower  division 
are  shown  to  a  much  greater  depth  than  at  Dobb's  Linn.  In  these 
two  localities  the  general  succession  of  the  Graptolitic  shales  is  as 
follows : — 
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Feet. 
^'^  iSL  \  (*)  ^PI-  BirkMll  {  ^e.^'bESft/ttSlkl.''*    70  to  80 
te.       i  W  I-wer  Birkhill  |  ^'T\^^r^^' oU^-^^    60  to  70 

(*)  ^^rt/ell     \  Tr<.^*^ii  /  Pale  grey  or  green  non-fossiliferoai 

Shaies,  or    f  (*)  Upper  HartfeU  {      mudstones  46 

M  ff  t        )  (^)  ^^^  HartfeU     Black  hard  slaty  shales  and  flags  ^    40  to  50 

(a)  OUtikiln  \  /  Yellow  and  grey  shales  and  flags. 

Shales,  or  f  i      non-fossiliferous,    with     a     few 

Lower  (  j     bands  of  soft  black  Graptolitic 

Moffat.  /  \     shales  ..... ... . ....^.^..^  150 

With  the  aid  afforded  by  these  sections,  the  thorough  investiga- 
tion of  the  ten  subparallel  black  shale-bands  of  the  Moffat  area  is 
rendered  a  matter  of  ease  and  certainty.  Of  these,  the  four  bands 
lying  to  the  south-west  of  Saint  Mary's  Loch  are  the  most  continuous. 
They  were  described  in  detail  by  the  author,  and  it  was  shown  that 
in  each  the  only  strata  apparent  are  indisputably  those  of  the  type- 
sections  of  Dobb's  Linn  and  Oraigmichan,  with  which  they  agree 
zone  for  zone  in  sequence  and  in  all  their  characters,  mineralogical 
and  zoologicaL  Here,  also,  the  beds  are  arranged  in  greatly  elongated 
anticlinal  forms,  the  axes  of  which  are,  as  a  rule,  inverted.  In  any 
single  transverse  section,  the  succession  of  the  beds  on  the  opposite 
sides  of  the  median  line  of  the  band  is  identical,  and  the  highest 
zone  of  the  black  shales  everywhere  passes  up  conformably  into  the 
basal  bed  of  the  surrounding  greywackes.  The  varying  width  of  the 
band  is  dependent  simply  upon  the  varying  elevation  of  the  crown 
of  the  anticlinal.  Where  the  band  is  of  least  diameter,  only  the 
highest  beds  of  the  Birkhill  shales  rise  from  below  the  greywackes. 
As  the  band  expands,  the  underlying  zones  emerge  one  by  one  in 
its  centre,  till  finally,  in  the  widest  ex[>osures,  we  recognize  the 
deepest  strata  of  the  Glenkiln  shales. 

It  was  shown  by  plans,  sections,  and  descriptions  of  every  expo- 
sure of  consequence  within  the  Moffat  district  that  precisely  similar 
results  are  arrived  at  with  respect  to  the  remaining  black  shale- 
bands.  To  the  south  of  Moffatdalc,  the  Moffat  beds  agree  essentially 
with  those  of  Dobb's  Linn ;  but  to  the  north  the  whole  formation 
diminishes  in  collective  thickness,  and  the  highest  division  gradually 
loses  its  fossiliferous  black  shales. 

These  facts  place  it  beyond  question  that  all  the  carboimceouB  and 
Graptolitiferous  shales  of  the  Moffat  area  are  portions  of  one  and  the 
same  originally  continuous  deposit — the  Moffat  Series,  which  is  now 
the  oldest  visible  rock-groiip  in  the  district,  being  everywhere  in- 
ferior to  the  prevailing  greywackes,  through  which  it  invariably 
rises  from  below  in  greatly  elongated  anticlinal  forms. 

In  the  rigid  restriction  of  distinct  groups  of  fossils  to  a  few  feet 
of  the  succession,  the  rocks  of  the  Moffat  series  resemble  the  tliin- 
bedded  Silurians  of  Scandinavia  and  North-eastern  America.  From 
analogy  it  may  be  suspected  that  they  similarly  represent  an  enor- 
mous period  of  time.  The  correctness  of  this  inference  is  demon- 
strated by  the  evidence  afforded  by  the  known  geological  range  of 
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their  organic  remains.  The  Graptolithina  of  the  Lower  or  Glenkiln 
division  are  those  of  the  highest  Llandeilo  Flags  of  Wales,  the 
corresponding  Middle  I>tcranor/rap/ti«-8chi8t8  of  Sweden,  and  the 
Norman's  Kiln  shales  that  underlie  the  Trenton  (Bala)  Limestone  of 
New  York.  The  Hartfell  species  occur  in  the  Bala  beds  of  Conway, 
etc.,  the  higher  Ptcrano^rop/tc^-schists  of  Sweden,  and  the  Utica 
and  Lorraine  shales  that  overlie  the  Trenton  Limestone.  Those  of 
the  Birkhill  shales  agree  almost  species  for  species  with  the  fossils 
of  the  Coniston  Mudstone  of  Cumberland,  the  Kiesel  Schiefer  of 
Thuringia,  and  the  Lobiferous  beds  of  Sweden,  which  lie  at  the 
summit  of  the  Lower  Silurians  of  their  respective  countries.  Hence 
it  may  be  considered  certain  that  the  Glenkiln  shales  are  of  highest 
Llandeilo  age,  that  the  Hartfell  shales  stand  in  the  place  of  the  Bala 
or  Caradoc  of  Siluria,  and  that  the  Birkhill  shales  correspond  to  the 
Lower  Llandovery. 

The  insignificant  thickness  of  these  three  formations  in  the  Moffat 
district  is  in  strict  agreement  with  the  well-known  north-westerly 
attenuation  of  the  Lower  Silurian  rocks  in  Wales,  England,  and  in 
Western  Europe  generally. 

It  was  pointed  out  that  these  results,  when  carried  to  their 
legitimate  conclusion,  harmonize  all  the  apparently  conflicting  facts 
hitherto  collected  among  the  Lower  Silurians  of  the  south  of  Scot- 
land. We  have  a  complete  explanation  of  such  difficulties  as  the 
remarkable  lithological  uniformity  of  the  predominating  strata,  the 
absence  of  associated  igneous  rocks,  the  peculiar  localization  of  the 
fossils,  their  identity  along  certain  lines,  and  their  rapid  and 
peculiar  impoverishment  along  others.  We  reduce,  at  a  single 
stroke,  the  apparently  gigantic  thickness  of  the  South  Scottish 
Silurians  to  reasonable  limits,  and  at  the  same  time  bring  them  into 
perfect  harmony  with  those  of  Western  Europe  and  America. 

IL— December  6,  1877.— Prof.  P.  Martin  Duncan,  M.B.,  F.R.S., 
President,  in  the  Chair.  The  following  communications  were 
read: — 

1.  "On  the  Building-up  of  the  White  Sinter  Terraces  of  Roto- 
Mah^n^L,  New  Zealand."    By  the  Rev.  Richard  Abbay,  M.A.,  F.O.S. 

The  author  described  the  structure  and  mode  of  formation  of  the 
so-called  "White  Terrace"  of  the  Roto-Mdhana,  which  is  produced 
by  a  deposit  of  silica  from  the  water  of  a  geyser  situated  on  the  side 
of  a  small  hill  of  rotten  rliyolitic  rock,  about  100  feet  above  the 
surface  of  the  warm  lake  (Roto-M^^^),  into  which  the  water  from 
the  geyser  finally  flows,  and  the  foot  of  the  siliceous  terrace  projects. 
The  geyser  basin,  which  is  between  300  and  400  feet  in  circum- 
ference, has  steep  walls  broken  through  only  on  the  side  towards 
the  lake,  where  the  water  flows  down  to  form  a  succession  of 
terraces,  which  are  really  shallow  basins,  over  the  outwardly  in- 
clined edges  of  which  the  water  flows,  depositing  the  dissolved  silica 
in  a  white  subflocculent  form  on  the  edges  and  bottoms  of  the 
basins  in  proportion  as  the  water  cools.  The  author  showed  how 
this  arrangement  produced  the  peculiarly  formed  siliceous  deposit  of 
the  terracesy  and  that  as  the  growth  of  tlie  latter  is  evideiilV^  u^- 
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wards  as  well  as  oiitwards,  it  seems  probable  that  the  geyser  pipe 
has  slowly  worked  its  way  up  the  hill  by  the  solvent  aution  of  the 
heated  water  from  the  level  of  the  lake  to  its  present  elevation. 

2.  ''Additional  Notes  on  the  Dimetian  and  Pebidian  Hocks  of 
Pembrokeshire."     By  Henry  Hicks,  Esq.,  F.G.S. 

The  additional  facts  communicated  by  the  author  show  that  at  a 
distance  of  about  10  miles  to  the  east  of  the  Dimetian  axis  of  St 
David's  there  is  another  ridge  of  these  rooks,  which  also  runs  nearly 
parallel  with  it.  This  is  also  flanked  by  Pebidiau  and  Cambrian 
rocks,  and  made  up  of  rocks  like  those  in  the  St.  David's  axis. 

The  Dimetian  formation,  so  far  as  it  is  at  present  known,  consists 
chiefly  of  the  following  rocks : — 

1.  Quartz  pori)hyries,  containing  frequently  perfect  quartz  crys- 
tals (double  pyramids),  subangular  masses  of  quartz,  and  crystals  of 
felspar  in  a  felspathic  matrix. 

2.  Fine-grained  greyish  quartz-rocks,  very  compact,  and  inter- 
stratified  with  the  above. 

3.  Ashy -looking  shales  of  a  dull  green  colour,  sometimes  highly 
indurated,  but  usually  showing  lines  of  lamination.  Microscopi- 
cally these  show  basaltic  characters,  and  are  probably  greatly  altered 
interbedded  basaltic  lavas. 

4.  Compact  granitic-looking  rocks. 

5.  Quartziferous  breccias. 

6.  A  series  of  compact  quartzites  and  crystalline  schists,  inter- 
stratified  by  green  and  purple  altered  basaltic  lavas,  with  a  slaty 
and  schistose  foliation,  and  by  some  dolomitic  bands. 

Of  the  Fehidian  formation  new  areas  were  added,  and  the  portions 
described  in  the  author's  previous  paper  were  further  extended,  and 
details  as  to  the  chief  mineralogical  characters  added.  At  the  base 
of  the  series  resting  unconforinably  on  the  Dimetian  is  seen  an 
agglomerate  composed  of  large  angular  masses  of  a  spherulitic 
felstone..  pieces  of  quartz  and  quartzites,  indurated  shales,  crystalline 
schistfl,  etc.,  cemented  together  by  a  sea-green  matrix  of  felstone. 
These  are  followed  by  conglomerates  of  the  same  materials,  which 
are  again  succeeded  by  indurated  shales,  often  highly  porcellanitic 
in  character,  with  a  conchoidal  fracture. 

Tliese  are  followed  by  a  thick  series  of  silvery  white  and  purplish 
shales  and  green  slates,  alternating  with  fine  and  rough  ashes,  often 
conglomeratic,  hornstone  breccias,  felstone  lavas,  etc. 

The  series,  as  exhibited  at  St.  David's,  has  a  thickness  of  over  8000 
feet ;  and  as  it  is  everywhere,  so  far  as  yet  seen,  overlapped  unoon- 
formably  by  the  Cambrians,  it  may  probably  be  of  much  greater 
thickness.  It  evidently  consists  very  largely  of  volcanic  materials, 
at  first  derived  from  subaerial,  but  afterwards  from  submarine  vol- 
canos.  These  materials,  however,  were  also  undoubtedly  consider- 
ably aided  by  sediments  of  a  detrital  origin. 

The  whole  series  shows  that  the  sediments  have  undergone  con- 
siderable changes,  but  yet  not  sufficient  to  obliterate  the  original 
characters,  and  the  lines  of  lamination  and  bedding  are  usually 
very  distinct    That  they  were  altered  nearly  into  their  present  state 
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before  the  Cambrian  sediments  were  deposited  upon  them  is  clear 
from  the  fact  that  the  pebbles  of  the  Cambrian  conglomerates  which 
rest  immediately  on  any  portion  of  the  series  are  almost  invariably 
made  up  of  masses  of  the  rocks  below,  cemented  by  gritty  materials 
on  an  unaltered  matrix,  and  from  which  the  pebbles  may  be  easily 
removed.  The  great  conglomerates  at  the  base  of  the  Cambrians, 
everywhere  in  Wales,  indicate  that  there  were  beach-  and  shallow- 
water  conditions  over  those  areas  at  the  time,  and  that  the  sea  was 
then  encroaching  on  an  uneven  land,  becoming  gradually  depressed 
to  receive  the  subsequent  Cambrian  sediment 

3.  ''On  some  Precambrian  (Dimetian  and  Pebidian)  Rocks  in 
Caernarvonshire."     By  Henry  Hicks,  Esq.,  F.G.S. 

In  this  paper  the  aiithor  gave  an  account  of  the  special  examina- 
tion of  the  great  ribs  of  so-called  intrusive  felspathic  and  quartz 
porphyries  which  are  found  associated  with  the  Cambrian  rocks  in 
Caernarvonshii'e,  made  by  him  in  company  with  Prof.  Hughes,  Mr. 
Hadleston,  and  Mr.  Homfray  last  summer.  He  described  sections 
at  and  near  Moel  Tryfaen  and  across  the  mass  from  Pen-y-groes  to 
Talysam,  in  which  he  showed  that  instead  of  being  of  an  intrusive 
nature,  as  hitherto  supposed,  the  whole,  with  the  exception  of  a  few 
dykes  at  those  parts,  is  made  up  of  bedded  volcanic  rocks,  lavas, 
breccias,  etc.,  similar  to  those  found  in  the  Pebidian  series  at  St. 
David's,  and  that  the  Cambrian  rocks,  instead  of  being  intruded  by 
this  mass,  rests  everywhere  upon  it  unconformably,  and  the  pebbles 
in  the  conglomerate  of  the  Cambrian  at  the  base  are,  as  at  St. 
David's,  identical  with,  and  must  have  been  derived  from  the  rocks 
below.  Similar  results  were  obtained  in  the  examination  to  the 
north  and  south  of  Llyn  Padam,  and  the  conclusion,  therefore,  at 
which  the  author  has  arrived  with  regard  to  the  great  mass  which 
extends  from  Llanellyfine  in  the  south  of  St.  Ann's  chapel  in  the 
north  is  that  it  is  entirely  Precambrian,  and  that  it  belongs  to  the 
series  described  by  him  under  the  name  Pebidian  at  St.  David's. 

The  other  mass,  extending  from  Caernarvon  to  Bangor,  he  con- 
sidered also  entirely  Precambrian ;  and  from  the  mineral  characters 
exhibited  by  a  portion  of  this  mass  directly  behind  Caernarvon,  he 
thought  it  would  prove  to  be,  at  least  at  this  part,  of  Dimetian  age. 
The  altered  beds  near  Bangor  and  their  associated  quartz  felsites  he 
considered  entirely  of  Pebidian  age,  as  there  is  no  evidence  that  the 
Dimetian  rocks  are  exposed  there. 

4.  "On  the  Precambrian  Rocks  of  Bangor."  By  Prof.  T.  McKenny 
Hughes,  M.A.,  F.G.S. 

The  author  described  a  series  of  slates,  agglomerates,  and  por- 
phyritio  rocks  which,  near  Bangor,  are  seen  to  pass  under  the  Cam- 
brian and  seem  to  rest  conformably  upon  the  quartz  felsites  and 
granitoid  rocks  of  Caernarvon.  He  thought  that  the  Bangor  beds 
were  the  equivalents  of  the  felsitic  and  porphyritic  series  of  Llyn 
Padam,  and,  in  order  to  bring  his  interpretation  into  harmony  with 
the  observations  of  Prof.  Ramsay,  he  explained  away  the  apparent 
melting  of  the  ends  of  the  Cambrian  beds  in  that  section  by  twists^ 
faultSy  and  dykes.     He  referred  the  apparent  unconformity  lecoxii^^ 
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by  Mr.  Maw  entirely  to  rock  structure,  prodaoed  by  deavage  o 
beds  of  different  texture. 

He  considered  that  in  the  main  the  Bangor  beds  were  the  eqn 
Talents  of  the  Pebidian  of  Dr.  Hicks,  while  the  Caemaryon  be< 
nearly  represented  his  Dimetian.  But  he  thought  there  was  as  y 
no  proof  of  an  unconformity  between  these  formations.  He  woul 
explain  the  apparent  unconformity  at  St  David's  by  a  continuatic 
of  bends  and  faults  and  joints  mistaken  for  bedding,  and  would  ref 
the  brecciated  rock  of  Low  Moor,  near  St  David's  to  the  Pebidia: 
thus  taking  it  on  the  wrong  side  of  the  supposed  unconformity.  £ 
thought  that  the  green  beds  in  the  Dimetian  were,  in  all  the  casi 
whore  lie  had  been  able  to  examine  them,  originally  dykes. 

He  saw,  therefore,  no  reason,  from  an  examination  of  other  ares 
to  suspect  any  different  explanation  from  that  suggested  by  the  e: 
amination  of  the  Bangor  and  Caernarvon  district,  viz.  that  we  hai 
in  the  Bangor  and  Caernarvon  beds  one  great  volcanic  series,  < 
wliich  the  Cambrian  conglomerates  and  grits  rest  with  a  probab 
unconformability. 

An  appendix  by  Prof.  Bonney,  on  the  microscopical  examinati< 
of  the  rocks  referred  to,  accompanied  this  paper. 


COI^I^E!SI=>OITZDEITOE- 


"  CONCRETIONARY   BANDS  "   OR  "  CONGLOMERATES  *'  OF  LAMBi 

ISLAND. 

Sir,  —  In  the  paper  "On  the  Borrowdale  Series  and  Comst4 
Flags,"  in  the  Quarterly  Journal  of  the  Geological  Society  for  Au 
1877,  p.  479,  the  authors  speak  of  "Concretionary  bands"  •'calh 
by  "  the  late  "  Mr.  Du  Noyer.  coarse  conglomerates,"  and  acoordii 
to  the  late  Prof.  Jukes,  containing  "  pebbles  "  with  Silurian  oora 
attached.  In  next  page  these  "  conglomerates  "  or  "  concretions] 
bands  "  are  said  to  form  a  portion  of  an  ash-brcccia  series,  but  i 
reason  is  given  for  what  would  seem  to  be  an  entirely  unneoessai 
correction  of  the  descriptions  quoted  from  Mr.  Du  Noyer  and  Pn 
Jukes  ;  nor  is  it  stated  why  the  rocks  are  referred  to  as  "concr 
tionary  bands." 

Tliese  descriptions,  quoted  at  p.  479,  will  of  themselves  show  ti 
difficulty  of  accepting  the  concretionary  nature  of  the  Lambay  rw 
referred  to ;  the  matrix  being  of  "  black  mud,"  inclosing  pebbles 
"cleaved  slate,"  "grey  grit,"  "grey  limestone,"  "greenish-gn 
greenstone,"  "ash,"  and  "limestone  conglomerate  inclosing  rolh 
pebbles  of  greenstone" :  some  of  these  fragments  supporting  attache 
Silurian  corals. 

Tlie  unqualified  application  of  the  word  "  concretionary,"  as  \ 
amendment  to  Mr.  Du  Noyer's  "coarse  conglomerate,"  to  such  root 
seems  a  singular  use  of  the  term,  though  it  can  scarcely  be  meant 
convey  the  idea  that  the  writers  quoted  did  not  know  the  different 
between  concretionary  rocks  and  conglomerates. 

A.  B.  Wynne. 

MUEREB,  Oct.  1877. 
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I.— The  Old  Man  of  Hoy. 

By  Prof.  Abchibald  Geikie,  LL.D.,  F.R.S., 

Director  of   the  Geological  Survey  of   Scotland. 

(PLATE  II.) 

rpHE  tidal  wave  of  travellers  which,  thanks  to  railroads  and 
X  steamboats,  pours  northward  over  the  country  every  summer, 
even  as  far  as  John  o*  Groat's,  has  hardly  as  yet  risen  much  beyond 
that  utmost  shore.  The  tourist  stops  short  at  the  Pentland  Firth  ; 
indeed,  when  he  reaches  its  bare  treeless  coast,  and  finds  that  there  is 
really  no  traditional  house  at  John  o'  Groat's  (though  a  good  inn, 
with  careful  host  and  kindly  hostess,  should  tempt  him  to  rest  there 
a  while),  he  is  in  a  hurry  to  get  back  by  daylight  to  the  busy  hum 
of  men  in  the  hyperborean  city  of  Wick  or  Thurso,  and  as  eager 
to  flit  southwards  again  next  morning.  He  makes  a  fatal  mistake, 
however ;  for  he  misses  the  very  points  which  it  would  have  been 
worth  his  while  to  make  the  whole  of  his  long  journey  to  see.  Let 
him,  for  instance,  take  up  his  quarters  for  a  day  or  two  by  the  side 
of  the  Pentland  Firth,  and  sitting  or  lying  on  one  of  its  grim  cliffs, 
let  him  spend  his  hours  watching  the  race  of  its  tideway.  Nowhere 
else  round  the  British  Islands  can  he  look  down  on  such  a  sea.  It 
■eems  to  rush  and  roar  past  him  like  a  vast  river,  but  with  a  flow 
some  three  times  swifter  than  our  most  rapid  rivers.  Such  a  broad 
breast  of  rolling  eddying  foaming  water  I  Even  when  there  is  no 
wind,  the  tide  ebbs  and  flows  in  this  way,  pouring  now  eastwards 
now  westwards,  as  the  tidal  wave  rises  and  falls.  But  if  he  should 
be  lucky  enough  to  come  in  for  a  gale  of  wind  (and  they  are  not 
unknown  there  in  summer,  as  he  will  probably  learn),  let  him  by  no 
means,  fail  to  take  up  his  station  on  Duncansbay  Head,  or  at  the 
Point  of  Mey.  The  shelter  of  a  flagstone  **  dyke  "  and  a  water- 
proof will  save  him  from  any  ulterior  consequences  of  the  exposure, 
or  should  he  be  under  some  misgivings  on  this  point,  when  he  gets 
back  to  the  shelter  of  the  inn  at  John  o'  Groat's,  mine  host  has 
sundry  specifics  of  well-tried  potency,  at  the  very  sight  and  taste  of 
which  rheums,  catarrhs  and  the  rest  of  that  tribe  of  ailments  at 
once  decamp.  Ensconced  in  his  ''  neuk,"  he  can  quietly  try  to  fix  in 
his  mind  a  picture  of  what  he  sees.  He  will  choose  if  he  can  a 
time  when  the  tide  is  coming  up  against  the  wind.  The  water  no 
longer  looks  like  the  eddying  current  of  a  mighty  rivet.  It  x^^ik^^x 
DMOADM  n. — roi*.  y.—KO.  u.  4 
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resembles  the  surging  of  rooky  rapids.  Its  snrfiMO  is  one  vast  sheet 
of  foam  and  green  yeasty  waves.  Eveiy  now  and  then  a  huge 
billow  rears  itself  impatiently  above  the  rest,  tossing  its  sheets  of 
spray  in  the  face  of  the  wind,  which  scatters  them  back  into  the 
boiling  flood.  Here  and  there,  owing  to  the  configuration  of  the 
bottom,  this  turmoil  waxes  so  furious  that  a  constant  dance  of 
towering  breakers  is  kept  up.  Such  are  the  terrible  ''Boost  of 
Duncansbay.'*  and  the  broken  water  grimly  termed  the  "  Merry  men 
of  Mey."  With  a  great  gale  from  we  north-east  or  south-east,  the 
shelter  even  of  the  stone  wall  on  Dunoansbay  Head  would  be  of 
little  avail.  For  solid  sheets  of  water  rush  up  the  face  of  the  difi 
for  more  than  100  feet,  and  pour  over  the  top  in  such  volume, 
that  it  is  said  they  have  actually  been  intercepted  on  the  landward 
side  by  a  dam  across  a  little  valley,  and  have  been  used  to  turn  a 
mill.  Should  the  meditative  tourist  be  overtaken  by  such  a  gale, 
he  will  find  shelter  in  the  quaint  cottage  of  the  kind-hearted  but 
hard-headed  John  Gibson,  who,  perched  like  a  sea-eagle  at  the  head 
of  a  tremendous  chasm  in  the  cliffs,  can  spin  many  a  yam  about  the 
tempests  of  the  north. 

No  one  can  see  such  scenes  without  realizing,  as  he  probably  has 
never  done  before,  the  restless  energy  of  nature.  His  eyes  are  opened. 
He  feels  how  wind  and  rain,  wave  and  tide,  are  leagued  together, 
as  it  were  in  spite  of  their  apparent  antagonism,  to  batter  down  the 
shores.  Everywhere  he  witnesses  proofs  of  their  prowess.  Tall 
gaunt  stacks  rise  out  of  the  waves  in  front  of  the  cliffs  of  which 
they  once  formed  a  part  Yawning  rents  run  through  them  from 
summit  to  base;  their  sides  are  frayed  into  cusp  and  pinnacle  that 
seem  ready  to  topple  over  when  the  next  storm  assails  them ;  their 
surf-beaten  basements  are  pierced  with  caverns  and  tunnels  into 
which  the  surge  is  for  ever  booming.  On  the  solid  cliffe  behind,  the 
same  tale  of  warfare  is  inscribed.  But  the  traveller  who  has  seen 
so  much  will  perforce  desire  to  see  more.  From  his  perch  on  the 
southern  side  of  the  foaming  Pentland  Firth  he  looks  across  to  the 
distant  hills  o\  Hoy — the  only  hills  indeed  which  are  visible  from 
the  monotonous  moorlands  of  northern  Caithness,  save  when  from 
some  higher  eminence  one  catches  the  blue  outline  of  Morven  on 
the  southern  sky-line.  The  Orkney  Islands  are  otherwise  as  tame 
and  as  flat  as  Caithness.  But  in  Hoy  they  certainly  make  amends 
for  their  general  featureless  surface.  Yet  even  there  it  is  not  the 
interior,  hilly  though  it  be,  but  the  western  coast-cliffs  which 
redeem  the  whole  of  the  far  north  of  Scotland  from  the  charge  of 
failure  in  picturesque  and  impressive  scenery.  One  looks  across 
the  Pentland  Firth  and  marks  how  the  flat  islands  of  the  Orkney 
group  rise  from  its  northern  side  as  a  long  low  line  until  westwards 
they  mount  into  the  roundecl  heif^hts  of  Hoy,  and  how  these  again 
plunge  in  a  range  of  precipices  into  the  Atlantic.  Yellow  and  red 
in  hue,  these  marvellous  cliffs  gleam  across  the  water  as  if  the 
sunlight  always  bathed  them.  They  brighten  a  grey  day,  and  grey 
days  are  only  too  common  in  the  northern  summer;  on  a  simny 
forenoon,  or  stiU  better  on  a  clear  evening,  when  the  sun  is  sinking 
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beneath  the  western  waters,  they  glow  and  hnrn,  yet  behind  snch  a 
dreamy  sea-bom  haze,  that  the  onlooker  can  hardly  believe  himself 
to  be  in  the  fax  north,  but  recalls  perhaps  memories  of  Capri  and 
Sorrento,  and  the  blue  Mediterranean.  Looking  at  them  from  the 
mainland,  we  are  soon  struck  by  one  feature  at  their  western  end. 
A  strange  square  tower-like  projection  rises  behind  the  last  and 
lower  spur  of  oliff  which  descends  into  the  sea.  We  may  walk  mile 
after  mUe  along  the  Caithness  shore,  and  still  that  mysterious  mass 
keeps  its  place.  As  we  move  westwards,  however,  the  higher  cliffs 
behind  open  out,  and  we  can  see  on  a  clear  day  with  the  naked  eye 
that  the  mass  is  a  huge  column  of  rock  rising  in  advance  of  the  cliff. 
It  is  the  Old  Man  of  Hoy — a  notable  landmark,  well  deserving  its  fame. 
Let  no  toorist  who  has  got  up  as  fisu'  as  Thurso  hesitate  to  cross 
the  Firth  and  reach  Stromness  in  Orkney.  He  will  find  a  steamer 
ready  to  carry  him  thither  in  a  few  hours,  and  in  the  voyage  will 
pass  close  nnder  the  grandest  cliff  in  the  British  Islands.  Above  all 
lie  will  make  the  personal  acquaintance  of  the  Old  Man,  or  at  least 
will  be  brought  so  near  as  to  conceive  a  very  profound  respect  for 
him.  The  accompanying  vignette  was  sketched  from  the  vessel  in  this 
passage,  and  though  by  no  means  taken  from  the  most  picturesque 
point  of  view,  may  serve  to  convey  some  notion  of  the  form  and  size 
of  this  the  most  remarkable  feature  in  Orkney  scenery.  The  Old  Man 
is  a  oolnmn  of  yellow  and  red  sandstone  more  than  600  feet  high. 
It  stands  well  in  front  of  the  cliff,  with  which  however  it  is  still 
connected  by  a  low  ridge  of  ruined  blocks.  Doubtless  one  main 
cause  of  its  impressiveness  lies  in  the  fact  that  its  summit  is  con- 
liderably  higher  than  the  cliff  behind  it.  Thus  it  stands  out  against 
the  sky  even  when  seen  from  a  distance.  Its  base  is  washed  on 
three  sides  by  the  waves,  which  rise  and  fall  over  a  low  reef  running 
out  from  underneath  the  base  of  the  column.  Formerly  a  hiit^e 
buttress,  like  the  Giant's  Leg  of  Bressay  in  Shetland,  used  to  pro- 
ject into  the  sea.  But  it  has  been  swept  away  and  for  many  years 
the  Old  Man  has  had  to  keep  his  watch  and  wage  his  battle  with  the 
elements  with  the  support  of  but  one  leg. 
Unless  the  ground-swell  be  too  heavy,  the  steamboat  usually  keeps 
.  dose  enough  to  the  base  of  the  great  precipices  to  allow  the  masonry 
I  of  this  wonderful  obelisk  to  be  distinctly  seen.  Like  the  cliff 
behind,  it  is  built  up  of  successive  bars  of  sandstone  forming 
portions  of  horizontal  or  very  gently  inclined  strata.  Its  base,  how- 
ever, rests  on  a  pedestal  of  different  materials,  consisting  of  two 
well-defined  bands,  both  of  which  can  be  traced  stretching  landwards 
and  passing  under  the  base  of  the  cliff.  The  lower  of  these  two 
bands  is  plainly  marked  by  lines  of  parallel  stratification  inclined  at 
a  considerably  higher  angle  than  the  dip  of  the  sandstones,  and 
evidently  composed  of  something  quite  different  from  them.  Viewed 
thus  from,  the  sea  in  a  brief  and  passing  way,  the  column  can  be 
recognized  as  composed  of  at  least  two  very  distinct  portions.  Tlie 
main  pillar  rests  unconformably  upon  a  platform  of  older  and  tilted 
strata. 
It  is  only  when  one  lands  on  the  iBland  of  Hoy,  and  exammea  \)[i^ 
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cliffs  in  detail,  that  the  true  nature  and  history  of  the  threefold  hars  of 
the  Old  Man  can  he  made  out.  The  yellow  and  red  sandstones  are 
then  found  to  present  the  ordinary  characters  of  the  Upper  Old  Bed 
Sandstone,  to  which  they  are  with  prohahility  refen«d,  thou^  as 
yet  they  have  yielded  no  fossils.  Irregularly  alternating  in  thick  and 
thinner  heds,  they  are  rent  hy  innumerahle  perpendicular  joints. 
By  means  of  these  divisional  lines,  slice  after  slice  falls  away  from 
the  face  of  the  cliffs,  which  thus  maintain  their  precipitous  front 
towards  Uie  Atlantia  Except  in  regard  to  their  scenic  features, 
these  sandstones,  however,  are  less  full  of  interest  than  the  two  bars 
of  the  Old  Man's  pedestal;  The  upper  bar  consists  of  a  band  of 
dark  amygdaloidal  lava  with  a  slaggy  surface.  The  same  rock 
appears  elsewhere,  rising  out  from  beneath  the  sandstones  of  the 
precipices,  particularly  at  the  north-western  headland,  where  it  oon- 
Hists  of  three  or  more  distinct  bands  with  well-stratified  volcanic 
tuffs.  To  the  north-east  of  that  headland,  on  a  tract  of  lower  ground 
intervening  between  the  base  of  the  hills  and  the  edge  of  the  sea, 
several  well-marked  volcanic  **  necks  "  or  pipes  occur,  representing 
some  of  the  vents  from  which  the  streams  of  lava  and  showers  of 
ash  were  poured.  The  complete  interstratification  of  the  beds  of 
erupted  material  with  the  lower  portion  of  the  sandstones  proves  that 
the  volcanic  action  showed  itself  at  the  beginning  of  the  deposition 
of  the  Upper  Old  Red  Sandstone  in  this  region.  Another  little  vent 
may  be  observed  on  the  Caithness  coast,  near  John  o'  Groat's  House ; 
perhaps  some  may  still  remain  to  be  noticed  among  the  central  and 
northern  members  of  the  Orkney  Islands.  It  seems  to  have  been  a 
singular  and  local  outburst  of  volcanic  energy  during  Upper  Old 
Bed  Sandstone  times — the  only  one  yet  discovered  to  the  north  of 
the  Highlands.  The  uppermost  bar  then  of  the  pedestal  on  which 
the  Old  Man  has  taken  his  stand  is  a  massive  sheet  of  lava. 

Tlie  lower  bar  belongs  to  a  very  different  period,  and  has  a  totally 
dissimilar  history.  On  looking  more  closely  into  the  strata  which, 
even  seen  from  the  sea,  plainly  lie  unconformably  below  the  lava 
and  its  overlying  sandstones,  we  find  that  they  consist  of  dark  thin- 
bedded  sandstones,  shales  and  impure  limestones.  In  short,  they 
are  a  portion  of  the  great  series  of  deposits  known  as  the  Caithness 
flagstones.  On  many  of  their  exposed  surfaces  shining  jet-black 
scales,  bones  and  teeth  of  the  characteristic  fishes  of  these  flag- 
stones may  be  noticed.  What  a  suggestive  picture  of  the  imper- 
fection of  the  geological  record  is  presented  to  us  by  some  of  these 
weather-beaten  or  surf- worn  sheets  of  rock  I  We  pick  up  from 
their  crannies  the  broken  whelks,  nullipores,  and  conillines,  tossed 
up  by  the  last  storm  from  the  zones  of  life  now  tenanting  the  sea 
below  us.  The  limpet  and  sea-anemone,  the  whelk  and  barnacle, 
are  clinging  to  the  hardened  sand  over  which  the  Osteolepis  and 
Coccosteus  and  their  bone-cased  brethren  disported  in  the  ancient 
northern  lake  of  Lower  Old  lied  Sandstone  times.  Nay,  we  may 
now  and  then  wateh  a  living  mollusc  creeping  over  the  cuirass  of  a 
palsBOzoic  fish.  Yet  who  can  realize  the  lapse  of  time  which  here 
separatee  the  Jiving  from  the  dead  ? 
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Below  and  beyond  the  horizon  of  the  flagBtones  no  evidenoe  among 
the  Hoy  Cliffs  remains  to  leeul  us.  But  in  the  neighbouring  isles  of 
Pomona  and  Gremsa,  bosses  of  crystalline  rocks — granite,  gneiss 
and  Bohists — project  from  under  the  flagstones.  They  are  wrapped 
Toond  with  conglomerates,  doubtless  representing  the  shore-gravel 
heaped  up  around  them  when  they  rose  as  islets  out  of  the  Old  Red 
Sandstone  lake. 

So  much  for  the  materials  out  of  which  the  Old  Man  has  been 
carved.  And  now  a  few  words  as  to  the  process  of  carving.  If 
the  traveller  who  has  reached  Stromness  finds  himself  with  even 
one  spare  day  at  his  disposal,  he  cannpt  employ  it  to  more  eon- 
spicuous  advantage  than  by  taking  a  boat  with  a  couple  of  stalwart 
Norse-like  Orcadian  boatmen,  crossing  the  strait  to  Hoy,  and  ascending  * 
that  island  by  the  Cam  and  the  north-western  headland,  until  he 
finds  himself  at  the  summit  of  the  great  western  precipice  with  the 
surface  of  the  surging  Atlantic  some  1300  feet  below  him.  The 
scene  tells  its  own  tale  of  ceaseless  waste,  and  needs  no  lecture 
or  text-book  for  its  comprehension.  Pinnacles  and  turrets  of  the 
richly-tinted  sandstone  roughen  the  upper  edge  of  the  cliff,  often 
fretted  into  the  strangest  shapes,  and  worn  into  such  perilous 
narrowness  of  base  that  they  seem  doomed  to  go  headlong  down 
into  the  gulf  below  when  the  next  tempest  sweeps  across  from  the 
west  Butresses,  sorely  rifted  and  honey-combed,  lean  against  the 
main  cliff  as  if  to  prop  it  up  ;  but  separated  from  it  by  the  yawning 
fissures  which  will  surely  widen  until  they  wedge  off  the  projecting 
,  and  strip  huge  slices  from  the  face  of  the  cliff.     One  sees 

it  were  every  step  in  the  progress  of  degradation.  It  is  by  this 
prolonged  splitting  and  slicing  and  fretting  that  the  precipice 
has  been  made  to  recede,  and  has  acquired  its  shattered  but 
picturesque  contours.  The  Old  Man  is  thus  a  monument  of  the 
retreat  and  destruction  of  the  cliffs  of  which  it  once  formed  a  part. 
To  what  accidental  circumstance  it  may  have  owed  its  isolation,  we 
may  not  be  able  to  say  with  certainty.  But  it  is  suffering  in  the 
prevalent  decay.     Every  year  must  insensibly  tell  upon  its  features. 

On  the  calmest  day  some  motion  of  air  always  keeps  playing 
about  the  giddy  crest  of  these  precipices,  and  a  surge  with  creaming 
lines  of  white  foam  meets  at  their  base.  But  when  a  westerly 
gale  sets  in,  the  scene  is  said  to  be  wholly  indescribable.  The 
diffs  are  then  enveloped  in  driving  spray  torn  from  the  solid  sheets 
of  water  which  rush  up  the  walls  of  rock  for  a  hundred  feet  or 
more,  and  roll  back  in  thousands  of  tumultuous  waterfalls.  The 
force  of  the  wind  is  such  as  actually  to  loosen  the  weathered  parts 
of  the  lock  and  dislodge  them.  Thus  along  the  mossy  surface  of 
the  slope  which  ascends  inland  from  the  edge  of  the  cliff,  large  flat 
pieces  of  naked  stone  may  be  picked  up  by  scores  lying  on  the 
heather  and  coarse  grass,  whither  they  have  been  whirled  up  from 
the  shattered  crags  by  successive  gusts  of  the  storms. 

The  destruction  of  this  coast-line  has  not  yet,  however,  wholly 
efhoed  traces  of  other  powers  of  waste  which  have  long  since  passed 
away.    On  the  verf  edge  of  the  oiiff,  to  the  soutt-eaat  oi  \!b^  0\^ 
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Man,  some  well-preserved  striations  on  the  sandstone  point  to  the 
movement  of  the  ice-sheet  of  the  glacial  period  across  e^en  the  hilly 
island  of  Hoy  in  a  N.W.  and  S.E.  direction.  Again  in  the  green 
corry  at  the  Cam  of  Hoy,  some  beautifully  perfect  little  moraines 
remain  to  show  that  after  the  great  land-ice  had  subsided,  the  snow- 
fall in  these  northern  regions  continued  heavy  enough  to  nourish  in 
so  small  an  island  as  Hoy  groups  of  valley  glaciers.  Though  the 
general  form  of  the  hills  and  valleys  remains  now  much  as  it  was 
when  the  last  lingeriug  glacier  melted  away,  there  have  been 
stupendous  changes  since  then  in  the  shaping  of  the  precipices.  At 
that  time  the  Old  Man  still  formed  a  portion  of  the  solid  cliff.  It  is 
in  the  ensuing  interval  that  this  impressive  landmark  has  been  left 
'during  the  destruction  of  the  surrounding  masses.  Liong  may  he  be 
able  to  stand  his  ground  I  When  his  last  hour  comes,  as  come  it 
must,  may  some  reverential  geologist,  duly  impressed  with  a  s^ise 
of  the  potency  of  denudation  in  the  relief  of  the  land,  be  there  to 
pay  the  last  honours  to  his  dust ! 

II. — Gbologioal  Sketch  of  a  Visit  to  Ireland  iw  August,  1876.* 

By  Db.  Fbrdinand  Roexbr, 
Professor  of  Mineralogy  in  the  University  of  Breslaa. 

I  HAVE  been  this  autumn  in  the  Land  of  the  Giant's  Causeway 
and  of  the  Giant  Stag.  For  a  long  time  it  had  been  my  earnest 
desire  to  become  acquainted  with  "  The  Green  Isle."  In  my 
colleague,  Professor  von  Lasaulx,  I  found  a  wished-for  companion 
on  my  journey.  It  is  easy  to  get  to  Ireland.  In  a  single  night's 
journey  one  is  whirled  from  London  to  Dublin  rid  Holyhead. 
In  Dublin  the  best  directions  for  a  geologist  are  to  l)e  had  at  the 
Geological  Survey  Office  for  Ireland,  which  forms  a  department  of 
the  Government  Geological  Survey  of  Great  Britain.  Prof.  Hull,  the 
Director  of  the  establishment,  and  Mr.  Hellier  Baily,  the  Palaeon- 
tologist attached  to  it,  afforded  me,  with  the  greatest  kindness,  every 
necessary  assistance.  Besides  these  two  gentlemen,  who  reside  in 
Dublin,  the  Geological  Survey  includes  a  number  of  other  geologists 
scattered  througli  the  country,  who  carry  out  its  purposes.  A  large 
portion  of  Ireland  is  already  surveyed,  and  the  maps  oontaining  the 
results  for  the  most  part  published.  Explanations  of  these  maps 
appear  under  the  title  of  "  Memoirs  of  the  Geological  Survey."  The 
last  part  that  was  published  this  year  bears  the  title :  "  Explanatory 
Memoir  to  accompany  Sheets  21,  28,  and  29  of  the  Maps  of  the 
Geological  Survey  of  Ireland,  including  the  Country  around 
Antrim,  Lame,  and  Carrickfergus,  by  Edward  Hull,  Director, 
with  Palffiontological  Notes  by  W.  H.  Baily,  Dublin,  1876."  This 
part  treats  of  one  of  the  most  remarkable  districts  of  the  North  of 
Ireland.  Several  years  ago  a  good  general  geological  map  of 
Ireland  was  published  by  the  late  Professor  Ji&es,  then  the  dis- 
tinguished Director  of  the  Survey,  the  title  being  :  "  Geological  Map 
of  Ireland,  by  Joseph  Beete  Jukes  (E.  Stanford,  London),  1864." 

rom  the  Neues  Jabrbuch  fur  Mineralojrie,  Geologie  nnd  Palaontologie,  Jabrgang 
Tnaul&ied.  from  the  German  by  Eicbard  3 .  O. ItiLukeom. 
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Sinoe  the  first  appearanoe  in  1865  of  the  Joomal  of  the  Royal 
Geological  Society  of  Ireland  (new  series),  it  has  been  issued 
r^ularly,  and  contains  many  important  geological  articles  on  the 
oonntiy.  The  Transactions  of  the  Royal  Irish  Academy  contain  some 
interesting  papers  on  geology  and  palsBontology,  as,  for  instance, 
Professor  T.  H.  Huxley's  and  Dr.  Percival  Wright's  description  of 
remarkable  reptiles  in  the  Coal-measures  of  the  Co.  Kilkenny  (''  On 
a  Collection  of  Fossil  Vertebrata  from  the  Jarrow  Colliexy,  County 
Kilkenny,  Ireland,"  vol.  zxiv.  1867). 

Several  public  collections  in  Dublin  are  important  in  a  geological 
sense.  We  may  mention  in  the  first  «place  the  Museum  of  the 
Boyal  College  of  Science.  Here  are  to  be  found  in  a  large  gallery 
on  the  upper  floor  the  collections  of  the  Geological  Survey.  They 
comprise  beautiful  series  of  Irish  rock-specimens,  and  of  the 
fossils  of  the  several  sedimentary  formations.  Among  the  latter 
especially  are  splendid  examples  of  the  Palaopteris  Hihemica, 
Schimp.  (Adiantites  HihemicM,  R.  Griff,  and  Ad.  Brongn.),  from 
the  upper  division  of  the  Old  Red  Sandstone,  or  Devonian  beds, 
particularly  that  which  contains  the  Yellow  Sandstone  of  Kiltorkan 
Hill,  in  the  Co.  Kilkenny,  as  well  as  from  the  other  formations  con- 
taining remains  of  vegetable  and  animal  life.  Moreover,  there  are 
rich  collections  of  fossils  from  the  Carboniferous  Limestone,  which,  of 
all  the  sedimentary  formations  in  Ireland,  occupies  the  largest  space. 
From  the  upper  or  productive  Coal-measures  are  some  of  the 
originals  of  the  remarkable  reptiles  already  referred  to  as  described 
by  Professor  Huxley  and  Dr.  Percival  Wright  A  complete  skeleton 
of  the  Cervua  megaceros  is  a  conspicuous  ornament  to  tlie  hall.  The 
Museum  of  the  Royal  Dublin  Society,  which  is  under  the  excellent 
management  of  Dr.  A.  Carte,  contains  also  much  that  is  really 
remarkable.  The  principal  ornament  of  this  collection  consists  in 
the  oomplete  and  original  specimen  of  the  Plesiosaurus  Cramptonif 
the  largest  of  the  species  yet  discovered,  which  was  found  in  the 
Lias  of  Whitby.  The  specimen  of  IHdu8  ineptus,  complete  all  but  the 
skoll,  -wliich  has  been  artificially  supplied,  is  likewise  exceedingly 
interesting.  Numerous  remains  of  this  extinct  bird  were  found  a  few 
yean  ago  in  draining  a  swamp  in  the  island  of  Mauritius ;  an  event 
which  makes  the  conjecture  probable  that,  in  the  course  of  time,  several 
more  specimens  of  this  singular  bird  may  be  brought  to  Europe. 
There  are  besides  in  this  Museum  complete  skeletons  of  the  Cervus 
megaeeroB,  male  and  female.  On  beholding  these,  one  cannot  avoid 
wishing  that,  a  few  living  examples  of  this  majestic  animal,  which 
most  have  thrown  into  the  shade  all  other  species  of  the  beautiful 
deer  tribe,  had  continued  to  exist  in  our  present  world. 
Several  heads  with  the  antlers,  and  numerous  bones,  of  the  same 
magnificent  animal,  are  likewise  exhibited.  Some  of  the  latter 
present  the  singular  appearance  of  being  marked  with  deep  cuts  or 
indentations,  which,  on  account  of  their  sharpness  and  smoothness, 
one  would  naturally  suppose  to  be  the  effect  of  a  sharp  tool  worked 
by  human  agency,  if  the  well-observed  circumstances  under  wb\c^\i 
these  marked  honea  and  oigaaic  remains  were  diacoveied  di<3L  TiQ\» 
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refute  this  supposition.  These  appearances  were,  for  the  first  time, 
described  by  Professor  Jukes  in  1863  ('*  On  some  indentations  in 
bones  of  a  Cervus  megaeeros,  eta,"  Jonm.  G^l.  Soo.  Dublin,  voL  x., 
pt.  2,  p.  127  et  seq.),  and  afterwards  by  Dr.  Carte  ("On  some 
indented  bones  of  the  Cervus  megaceros,  found  near  Liough  Oar, 
County  of  Limerick,"  Joum.  GeoL  Soc.  Dublin,  vol.  i,  pt  2,  1865- 
1866,  2nd  series,  p.  151  et  seq,).  who  further  explained  and  illus- 
trated them.  Both  observers  have  demonstrated  that  wherever 
such  portions  of  skeletons  have  been  observed  to  be  marked  in  situ, 
a  bone  fitting  into  the  indentation  has  been  found  with  it  in  such  a 
position  that  its  motion  to  and  fro  would  at  onoe  explain  the  cause 
of  the  indentation.  The  only  doubt  remaining  was  as  to  the  origin  of 
the  motion  of  friction  backwards  and  forwards.  Dr.  Carte  believes 
that  the  efiect  must  have  been  caused  by  the  rising  and  sinking  of 
the  bog  in  the  long  course  of  ages,  the  peat  having  been  alternately 
contracted  by  the  dryness  of  summer  and  expanded  by  the  damp 
and  wet  of  winter.  This  remarkable  phenomenon  deserves  par- 
ticular attention,  as  it  shows  how  effects  are  produced  through  the 
agency  of  inanimate  nature,  which,  on  superficial  observation,  may 
be  easily  accepted  as  having  been  caused  by  the  agency  of  man. 
Finally,  the  same  Museum  also  contains  the  greater  part  of  the 
extensive  collection  made  by  Sir  Richard  Griffith,  of  the  Car- 
boniferous Limestone  and  Silurian  fossils  of  Ireland.  These 
collections  have  been  described  by  Professor  McCoy-  The 
original  specimens  of  the  remarkable  genus  Palachinus  particularly 
arrested  my  attention.  Sir  Richard  John  Griffith,  the  constructor  of 
the  first  Geological  Map  of  Ireland,  and  who  has  done  so  much  for 
the  geology  of  that  country,  is  still  living  in  Dublin  at  the  great  age 
of  92  years.  I  did  not  fail  to  call  upon  him  to  express  to  him  my 
deep  respect.  He  related  to  me  what  difficulties  he  had  to  overcome 
when  he  first  began  to  construct  his  maps,  at  a  time  when  there 
were  scarcely  decent  roads  through  the  country,  much  less  railways, 
and  he  had  himself  to  obtain  the  topographical  information  which 
was  to  serve  as  a  foundation  for  his  geological  undertakings. 

A  third  collection  worthy  of  a  visit  is  that  of  Trinity  Collie. 
It  is  arranged  in  a  large  hall  belonging  to  the  range  of  magnificent 
buildings  composing  this  institution.  Here  also  several  skeletons 
of  the  Cervus  megaceros  at  once  arrest  the  attention,  and  particu- 
lariy  a  male,  of  extraordinary  size.  There  are  also  several  other 
skeletons,  including  that  of  a  female.  The  latter  is  readily  dis- 
tinguishable, as  is  the  case  with  several  other  species  of  deer,  by 
being  hornless,  the  reindeer  forming  an  exception ;  this  fact  was  at 
one  time  doubted.  The  hornless  skulls  of  the  females  naturally 
attracted  less  notice*  on  the  part  of  the  uneducated  finders  than 
those  of  the  males,  and  on  that  account  remained  a  long  time  un- 
known. Besides  the  above,  there  are  some  valuable  specimens  of 
fossils,  minerals,  and  precious  stones. 

Some  excursions  in  the  immediate  and  more  distant  environs  of 

*  They  were  generally  supposed  by  the  Irish  labourers  to  be  the  skulls  of  horses, 
and  to  were  thrown  aaiae. 
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Dablin  afforded  a  variety  of  information.  One  of  them  related  to 
the  presence  of  Fosidonomya  Becheri  at  Loughshinny  near  Knsli, 
to  llie  north  of  Dublin.  Black  shales  sometimes  passing  into 
hard  limestone,  traversed  by  veins  of  quartz,  are  numerous  on 
this  part  of  the  coast.  Some  of  these  strata  have  their  surfaces 
oovered  with  the  shells  of  Posidonomya  Becheri.  The  appearance 
of  the  whole  strikingly  resembling  that  of  Barnstaple  in  Devon- 
Bbire  (the  Lower  Culm  Beds  of  Murchison).  Here,  in  Ireland, 
however,  the  layers  of  rock  containing  Fosidonotnya  are  in 
closer  connexion  with  the  principal  mass  of  the  Carboniferous 
Limestone  which  is  to  be  seen  in  the  immediate  neighbourhood, 
where  extensive  quarries  are  worked,  while  in  Devonshire  the  Car- 
boniferous Limestone  is  wholly  wanting,  and  the  Fosidonotnya  are 
found  there  in  the  Culm  formation  which  takes  its  place.  At 
numerous  other  points,  likewise,  the  Irish  geologists  have  met  with 
the  same  mollusc  with  similar  distinguishing  marks.  It  is  further- 
more found  in  the  Coal-measures  of  Northumberland  in  precisely  the 
same  ciroumstanoes.  It  is  a  matter  of  great  interest  to  determine 
the  exact  horizon  which  the  Fosidonotnya  Becheri  occupies  in  the 
Coal-measures  of  Ireland  and  England,  because  it  will  then  be 
possible  to  determine  to  what  division  of  the  Carboniferous  Lime- 
stone our  German  sandstone  Culm  formation  corresponds,  this  being 
palsBontologically  characterized  by  the  same  mollusc.  I  have  during 
my  journey  collected  a  number  of  facts  bearing  upon  this  point, 
which  I  shall  publish  on  a  future  occasion. 

The  Irish  metropolis  and  its  environs  having  been  visited,  there 
succeeded  longer  excursions  into  more  distant  districts  of  the 
island.  The  first  one  was  to  the  charming  Lakes  of  Eillarney, 
so  celebrated  for  their  picturesque  beauty,  lliey  are  situated  in  the 
County  of  Kerry,  which  occupies  the  south-western  corner  of 
Ireland.  In  order  to  get  to  this  district,  one  is  obliged  to  traverse 
the  whole  of  the  southern  half  of  Ireland  from  north-east  to  south- 
west. The  journey  is  for  the  most  part  rather  monotonous,  but  not 
disagpreeable ;  it  proceeds  over  the  great  central  plain,  the  foundation 
of  which  is  formed  by  horizontal  or  slightly  inclined  strata  of  Car- 
boniferous or  Mountain  Limestone.  But  it  is  only  occasionally  that 
the  CarboQiferous  Limestone  crops  up  at  the  surface.  In  most  places 
it  is  covered  by  a  layer  of  gravel  of  greater  or  less  depth.  At  times 
this  dOuvial  gravel,  composed  of  water-worn  pieces  of  limestone, 
and  partly  also  of  other  kinds  of  rocks,  is  raised  into  ridges  or 
eskers  of  moderate  elevation.  Thus  the  surface  of  the  country  is, 
to  a  certain  extent,  undulating.  The  hollow  flats  which  lie  deeper 
are,  far  and  wide,  covered  with  peat-bogs.  On  the  whole  the 
country  appeared  to  me  by  no  means  such  a  wilderness,  nor  so 
badly  cultivated,  as  I  had  imagined  from  the  perusal  of  many 
descriptions  of  it.  The  brilliant  green  of  a  rich  sward,  caused  by 
the  great  humidity  of  the  climate,  does  not  give  the  impression  of  a 
desert  or  barren  country. 

Higher  mountain  summits  first  begin  to  appear  in  the  southern 
portion  of  the  island.     They  are  Bteep  and  rugged  movmtdiu^  ixQUi 
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2000  to  3000  feet  in  height,  not  wooded,  which  stretch  throng  the 
counties  of  Cork  and  Kerry  from  east  to  west  as  a  strongly  linked 
chain.  They  consist  of  very  steep  banks  of  grey  and  reddish 
sandstones,  and  quartz  rocks  of  the  Old  Red  formation.  The  charac- 
teristic fossil  fish  found  in  this  formation  in  England  and  Scotland 
scarcely  show  a  trace  of  their  existence  in  the  corresponding  Irish 
rocks.  Igneous  rocks  of  the  porphyry  class  have  broken  through  the 
Old  Red  Sandstone  at  certain  points.  It  is  on  the  borders  of  the 
Carboniferous  Limestone,  and  between  it  and  the  Old  Bed  Sand- 
stone, that  the  Lakes  of  Eillamey  are  situated.  The  strata  of  the 
former  are  here  raised  at  a  great  angle,  and  towards  the  south  occur 
among  those  of  the  Old  Bed  Sandstone  as  apparently  later  deposits. 
The  attractive  feature  of  these  lakes,  which  every  year  brings 
thousands  of  visitors  and  sight-seers,  depends  principally  on  the 
beautiful  forms  and  mighty  precipices  of  the  Old  Red  Sandstone  peaks, 
which  on  the  south  surround  these  lovely  sheets  of  water.  At  the 
same  time  the  lakes  themselves,  with  their  numerous  islands  and 
rich  clothing  of  verdure,  are  beautifully  picturesque.  This  vegetation, 
of  a  wonderfully  luxuriant  growth,  favoured  by  an  exceedingly  mild 
and  humid  climate,  consists  in  part  of  evergreen  plants,  among  whidi 
is  conspicuous  the  strawberry  tree  {Arbutus  nnedo,  L.),  otherwise  con- 
fined to  the  countries  bordering  on  the  Mediterranean.  We  ascended 
llilangerton,  which  rises  to  a  height  of  2756  feet,  from  the  summit 
of  which  an  extensive  view  over  the  lakes  and  their  surrounding 
country  rewards  the  visitor.  These  mountains,  however,  cloHied  to 
their  tops  with  a  thick  garment  of  verdure,  do  not  offer  good  subjects 
for  geological  investigation.  Mangerton  is  not  by  any  means  the 
highest  ix)int  of  the  Old  Red  Sandstone  mountains,  as  Carrantnohil 
(3474  ft.),  lying  further  to  the  west,  overtops  it  considerably. 

Another  excursion  was  undertaken  from  Dublin  to  the  north- 
west districts.  The  Earl  of  Enni^killen,  whose  researches  on  the 
subject  of  fossil  fishes  have  made  his  name  known  far  and  wide, 
had  the  kindness,  on  ascertaining  my  presence  in  Ireland,  to 
invite  me  to  his  residence  at  Florence  Court,  near  Enniskillen, 
in  order  to  inspect  his  celebrated  collection.  The  town  of 
Enniskillen  is  situated  at  the  southern  extremity  of  Lough  Erne, 
in  the  Co.  Fermanagh,  and  Florence  Court  is  a  few  miles  to  the 
south.  For  three  days  I  enjoyed  the  proprietor's  hearty  and 
thorough  hospitality  at  this  magnificent  demesne,  while  most 
agreeably  occupied  under  his  guidance  \vith  the  examination  of  his 
collection.  From  every  country,  and  out  of  every  formation,  are 
gathered,  in  this  magnificent  collection  (the  result  of  forty  years* 
labour),  the  finest  s|>ccimens  of  fossil  fish.  It  has  but  one  rival  in 
England,  viz.  Sir  Philip  Egerton's  collection  at  Oulton  Park, 
in  Cheshire.  Both  the  Earl  and  Sir  Philip,  connected  for  many 
years  by  bonds  of  friendship  and  common  studies,  having  had  their 
ichthyological  tastes  developed  by  Agassiz,  have  cultivated  them 
and  made  collections  together.  In  many  respects  the  one  collection 
forms  the  counterpart  of  the  other.  Florence  Court  is  also  well 
known  to  palaeontologists  as  the  original  locality  for  certain  fossil 
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Crinoidea.  The  beantifiil  oups  of  the  Actinocrtnua  amphora  and  of 
•everal  species  of  the  genera  Platycrinua,  Fentremitea,  etc.,  which 
are  soattered  though  many  collections,  derive  their  origin  from  this 
place  and  neighbourhood.  The  quarries  in  the  Carboniferous  Lime- 
stone, from  which  these  fossils  were  formerly  obtained,  are  not, 
however,  worked  any  longer  at  present,  and  the  place  is  accordingly 
eloaed  up.  With  great  difficulty  only,  could  I  obtain  some  small 
examples  of  Pentremitea  Derhienaia,  which  appear  on  the  weathered 
sarfaoe  of  large  blocks  of  limestone  that  are  heaped  up  in  wild  con- 
fusion under  a  steep  limestone  ridge. 

From  Enniskillen  we  directed  our  way  northwards  in  order  to 
view  the  remarkable  and  abrupt  termination  of  the  basaltic  field  of 
Go.  Antrim,  where  it  reaches  the  sea.  This  basaltic  plateau,  which 
spreads  over  more  than  800  square  miles  of  the  North  of  Ireland, 
culminates  in  the  Giant's  Causeway,  which,  however,  is  not  for  the 
geologist  its  most  remarkable  termination.  The  railway  leading  to 
it  runs  through  Londonderry,  and  then  in  a  north-easterly  direction 
as  far  as  Portrush,  a  small  town  best  known  as  a  watering  place. 
The  Giant's  Causeway  is  but  a  few  miles  distant  from  this.  In  the 
immediate  vicinity  of  Portrush  several  remarkable  geological 
phenomena  are  observable.  A  small  rocky  promontory  is  composed 
of  an  igneous  doleritic  rock  common  in  this  district.  At  this 
pTomonotory  dark  sedimentary  strata,  slightly  inclined,  show  them- 
selves on  the  surface  of  the  sea-shore,  forming  reefs  extending 
seawards.  These  are  banks  of  dark  grey  rock  composed  of  in- 
durated clays,  harder  in  some  places  than  in  others.  It  was  with 
astonishment  that  we  perceived  certain  strata  of  this  rock  filled 
with  Amnu>niiea  and  other  characteristic  fossils  of  the  Lias ;  for,  from 
the  nature  and  position  of  the  strata,  one  might  have  been  inclined 
to  ascribe  a  far  greater  antiquity  to  them.  The  organic  contents  of 
these  strata  indicate  not  only  the  presence  of  the  Middle  (?)  and  Lower 
Lias,  but  layers  of  the  Avicula  contorta  are  visible,  characterizing 
the  Bhietic  formation.  This  shell,  first  described  and  figured  from 
the  North  of  Ireland  by  Portlock,  has  since  been  recognized  as  an 
important  characteristic  fossil  at  many  places  in  Central  £urope. 

Eastwards  from  Portrush  these  Jurassic  rocks  disappear,  and  the 
White  Chillk,  overflown  by  the  basalt,  makes  its  appearance,  forming 
grand  scenery,  which  would  not  only  rejoice  the  heart  of  the 
geolc^ist,  but  must  also  attract  the  admiration  of  the  ordinary 
spectator.  Masses  of  snow-white  chalk-rock  a  hundred  feet  high 
face  the  sea  in  perpendicular  precipices,  crowned  by  the  sharply 
contrasted  black  basalt  Belemnitella  mucronata  and  other  dis- 
tinguishing fossils  make  the  geological  position  of  the  White  Chalk 
certain.  The  boundary  between  chalk  and  basalt  does  not  by  any 
means  run  quite  horizontal,  but  rises  and  falls  in  hills  and  hollows, 
evidently  because  the  surface  of  the  chalk  at  the  time  of  its  being 
overflowed  by  the  basalt  was  very  uneven.  And  so  it  becomes 
clear  bow  further  eeistwards  towards  the  Giant's  Causeway  the  chalk 
disappears  altogether,  and  the  basalt  descends  to  the  level  of  the 
The  Qiant*B  Causeway  is  itself  a  small  low  piomoi^i^jarj  oi 


60         Frof,  Dr.  Ferdinand  Roemer — A  Visit  to  Ireland. 

basalt  washed  by  the  waves,  and  duriDg  winter  storms  overflowed 
by  the  sea.  It  is  simply  the  regularity  of  its  columns  that  has 
made  it  celebrated.  This  regularity  is  particularly  striking,  as  one 
sees  not  only  the  prisms  from  the  side,  but,  by  going  over  their  tops, 
the  broken  ends,  plainly  showing  the  six-sided  or  polygonal  sections. 
This  peculiarity  distinctly  characterizes  the  phenomenon.  The 
thickness  of  the  columns,  usually  amounting  to  over  a  foot,  corre- 
sponds to  the  breadth  of  the  crevices  between  neighbouring  columns, 
the  spaces  being  mostly  half  an  inch  broad.  The  concavo-convex 
jointings  of  the  columns  are  frequently  developed  in  great  per- 
fection. On  the  land  side  the  Giant's  Causeway  is  bounded  after 
the  manner  of  an  amphitheatre  by  perpendicular  walls  of  basalt 
several  hundred  feet  in  height.  Here,  however,  the  regular 
prismatic  formation  is  absent  The  rock  being  partly  amygdaloidal, 
and  the  cavities  covered  with  various  kinds  of  zeolites.  Other- 
wise, the  basalt  of  Northern  Ireland  is  altogether  of  the  self-same 
age  with  that  of  Germany  and  Central  Europe,  which  is  proved  by 
the  occurrence  with  it  of  a  layer  of  red  clay  containing  impressions 
of  leaves  of  Miocene  trees.  Mr.  W.  H.  Baily  has  particularly  de- 
scribed such  a  stratum  exhibiting  this  kind  of  plant-growth  in  the 
neighbourhood  of  the  town  of  Antrim.  It  is  only  a  few  inches 
thick,  and  rests  proximately  on  a  ten  to  twelve  foot  deep  series  of 
strata  holding  lumps  of  iron-ore  (^'Notice  of  Plant-remains  from 
Beds  interstratified  with  the  Basalt  in  the  County  of  Antrim,"  Quart 
Joum.  Geol.  Soc.  1869,  vol.  xxv.  p.  162). 

Having  returned  from  the  Causeway  to  Portrush,  we  pursued  our 
journey  from  the  latter  to  Belfast.  On  the  way  thither  we  had  to  cross 
in  its  entire  length  the  great  basaltic  plateau  of  the  North  of  Ireland. 
It  is  almost  a  level  or  rather  undulating  district,  on  whose  surface  the 
great  dark  blocks  of  basalt  are  everywhere  scattered.  But  in  the 
neighbourhood  of  the  town  of  Antrim  there  rises  a  group  of  hills 
consisting  of  igneous  rocks  of  an  entirely  different  kind,  and  the 
central  point  of  these  is  the  round  bowl-shaped  Tardree  mountain, 
a  few  miles  from  Antrim.  Several  quarries,  in  which  the  rock  is 
worked  for  economic  purposes,  are  situated  on  its  borders.  It  is  a 
light  grey  felspar  rock,  rich  in  quartz,  and  of  the  trachyte  group. 
Professor  E.  Hull,  who  has  lately  fully  described  its  characteristics 
(**  Memoirs  Geol.  Survey:  Explanatory  Memoir  to  accompany  Sheets 
21,  28,  and  29  of  the  Maps  of  the  Geol.  Survey  of  Ireland,  including 
the  country  around  Antrim,  etc.,  Dublin,  1876,"  p.  17  et  8eq.), 
has  named  it  Trachyte-porphyry,  and  J.  Roth  (Beitr.  Petrogr. 
pluton.  Gest,  1873,  p.  xxxiii)  places  it  among  the  liparite  group, 
following  a  published  analysis  by  E.  Hardman.  According  to  Prof. 
Hull,  the  rock  is  covered  by  basalt,  and  is  considerably  older  than  the 
latter.  We  had  not  the  opportunity  of  fully  examining  these  con- 
ditions of  the  strata  on  our  flying  visit  to  the  quarries.  The  isolated 
appearance  of  the  rock  in  such  a  limited  space  is  at  any  rate  well 
worth  observation.  In  no  other  part  of  Ireland  are  trachyte  rocks 
known,  [except  to  the  west  of  Hillsborough,  Co.  Down.] 

The  environs  of  Belfast  are  also  deeply  interesting  to  the  geologist 
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ThiB  great  mana&otaring  and  business-like  town,  which  is  rapidly 
increasing,  and  threatens  soon  to  exceed  Dublin  in  the  number  of  its 
inhabitants,  lies  at  the  edge  of  the  great  basalt  plateau  of  the  county 
Antrim,  which  here,  as  on  the  north  coast  at  Portrush,  falls  towards 
the  sea  with  a  steep  descent,  and  likewise  covers  the  chalk  and  other 
sedimentary  strata.  These  characteristics  are  strikingly  prominent  at 
Gave  Hill,  which  is  a  steep  and  rugged  mountain  over  a  thousand 
feet  high  (1188  ft),  and  about  an  hour's  walk  from  the  town.  Here 
again  the  Wliite  Chalk  crops  out  from  under  the  basalt,  the  latter 
not  being  of  a  distinct  prismatic  form,  but  generally  taking  the  com- 
position of  amygdaloid.  Extensive  quarries,  in  which  the  basalt  is 
exposed,  supply  the  finest  views  of  its  contact  with  the  White  Chalk, 
the  divisional  line  being  very  distinct,  from  the  great  contrast  of 
colour  between  the  two  rocks.  It  is  not  always  horizontal,  but  runs 
in  many  parts  very  irregularly,  and  the  basalt  in  many  places  sinks 
deep  into  the  Chalk.  Moreover,  veins  of  basalt  penetrate  the  Chalk 
in  various  places.  Under  the  White  Chalk  another  division  of  the 
Cretaoeous  formation  is  clearly  observable,  viz.  a  dark-green  marly 
Oreensand,  containing  Exogyra  conica,  Pecten  asper,  remains  of  Cal- 
UoMOBBa,  and  other  fossils,  by  means  of  which  it  has  been  without 
hesitation  classified  by  British  geologists  with  the  *^  Upper  Green- 
sand,"  and  by  D*Orbigny  with  the  "Etage  Cenomanien."  At  a 
short  distance  from  the  quarries  other  sedimentary  rocks  show  them- 
selves ;  the  Lower  Lias,  the  Rhsetic,  the  Eeuper,  and  the  variegated 
sandstone,  **  Banter  Sandstein."  The  Lower  Lias  is  without  any 
doubt  determined  by  Grryphoen  arcuata  and  other  characteristic 
species;  the  Rh»tic  is  likewise  distinguished  palaeontologically  ;  the 
Reaper,  a  succession  of  red  and  green  marly  slates,  interspersed 
with  thin  strata  of  sandstone  containing  mica  and  veins  of  gypsum, 
is  easily  distinguished  ;  finally  the  variegated  sandstone  (''Bunter") 
appears  in  the  plain  along  the  sea-shore  as  a  red  sandstone,  the 
boundaries  of  which  on  the  side  of  the  Keuper  are  often  difficult 
to  determine. 

Between  the  Lower  Lias  and  the  **  Cenomanien "  Green  sand  all 
the  other  members  of  the  Jurassic  and  Chalk  formation  are  wanting, 
and  accordingly  the  Upper  Lias,  the  whole  of  the  middle  and  upper 
division  of  the  Jurassic  formation,  both  lower  members  of  the  Chalk 
formation,  the  Neooomian  and  the  Gault,  are  absent.  The  same 
rule  holds  for  the  whole  of  Northern  Ireland,  and  this  wide  gap  in 
the  regular  succession  of  the  sedimentary  strata  is  one  of  the  most 
remarkable  phenomena  of  the  geognostic  constitution  of  the  country. 

With  respect  to  the  Keuper,  it  was  a  novelty  to  me  to  learn  that 
here  this  formation,  as  in  Cheshire,  and  other  parts  of  England, 
contains  massive  beds  of  rock-salt.  In  the  neighbourhood  of  Car- 
rickfergus,  to  the  northward  of  Belfast,  a  rock-salt  pit  (Duncrue) 
has  been  worked  for  the  last  few  years,  from  which,  in  the  year 
1873,  there  was  obtained  over  19,000  tons  of  rock-salt. 

We  should  willingly  have  made  a  longer  sojourn  in  this  remark- 
sble  country,  especially  for  the  purpose  of  visiting  the  granite  of 
ike  Moume  Mountains,  south  ofBelfaat,  celebrated  for  IYlqyc  \>Qa\y!di\ii 
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crystallized  minerals.  Our  time,  however,  was  np.  The  opening  of 
the  Meeting  of  the  British  Association  in  Qlai^w,  at  which  we 
were  anzioas  to  be  present,  was  about  to  take  place,  and  if  we 
wished  to  avoid  missing  it,  we  were  under  the  necessity,  without 
delay,  of  embarking  in  one  of  the  numerous  steamboats  plying 
between  Belfast  and  that  great  Scottish  industrial  town. 

in. — ^Across  Eubops  and  Asia. — ^TaAVELLiHO  Notes. 

By  ProfesBor  John  Milioi,  F.G.S.  ; 

Imperial  College  of  Engineering,  Tokei,  Japan. 

(Concluded  from  p.  37.) 

Part  IX. — Through  China,  Kalgan,  Pehin,  Shanghai. 

CoNTEKT8.-*Kalgan  to  Pekin — Geology  of  the  district — Devonian  Limestone — 
Coal  Measures — Granite — Alluvium — Degradation  of  Steep  Mountains.  Pekin 
to  Tiensin  and  Shanghai— Geology  of  the  Country — Carboniferous  Limestone — 
Granite — Alluyial  rLeun — Its  origm  by  deposition  of  riyer  mud  and  elevation. 
General  Conclusion. 

AFTER  much  slipping  and  sliding — for  the  small  stream  of  water 
which  flows  down  the  pass  had  often  glazed  it  from  side  to 
side — we  reached  the  village  of  Yamborshan,  just  outside  the  Kalgan 
walls.  Here  I  was  well  received  by  the  Russian  Postmaster,  M. 
Shismaroff.  This  village,  like  Kalgan  itself,  is  romantically  situated 
in  a  defile,  which  is  bounded  by  mountainous  cliffs  of  a  voloanio 
rock,  called  by  Pumpelly  a  porphyritic  trachyte.  Before  entering 
Kalgan,  you  pass  underneath  a  gateway  in  the  famous  Great  Wall 
of  China.  Right  and  left  from  this  point,  it  rapidly  ascends  to  the 
summit  of  the  cliffs,  which  bound  the  defile,  and  its  towers  are  seen 
standing  on  pinnacles  of  rocks,  and  looking  over  precipices  from 
positions  which  seem  inaccessible. 

I  left  Kalgan  on  the  11th  of  December  in  a  palanquin  carried  by 
two  mules  on  the  road  towards  Pekin.  The  first  diay,  although  I 
could  see  hills  in  the  distance,  I  travelled  over  a  flattish  oountry 
covered  with  a  deposit  of  sandy  alluvium.  In  places,  this  formed 
gorges  with  perpendicular  walls  30  feet  in  height.  Next  morning 
I  crossed  a  boss  of  igneous  rock,  which  was  filled  with  veins  of  quarts 
and  calcite.  Soon  after  this  I  met  donkeys  and  mules  carrying  ooal, 
which  told  me  I  was  entering  a  coal  district.  Tlie  first  notice  of 
this  was  a  mountain  of  greyish  limestone,  along  the  side  of  which 
we  travelled  on  a  pathway  cut  out  of  the  solid  rock.  After  travers- 
ing across  the  ice,  which  spanned  a  flooded  plain,  we  came  to 
mountains  of  sandstone  and  shale,  in  which  I  saw  several  thin 
vein -like  seams  of  coal.  On  the  sides  of  these  mountains  we  saw 
many  old  **  dumps,"  marking  the  site  of  ancient  surface  workings. 

In  the  afternoon  I  saw  some  pinkish-looking  granitic  mountains 
upon  the  left,  and  at  this  point  the  road  became  very  stony,  our  course 
being  everywhere  impeded  by  beds  of  boulders.  These  consisted  of 
porphyries,  granites,  felsites,  and  allied  stones.  Beyond  this  rough 
track,  our  road  passed  along  by  a  wall  cut  in  the  alluvium  which 
fills  all  the  valleys,  containing  bivalve  shells  (Cyrena)  to  all 
appearances  exactly  similar  to  some  which  I  obtained  from  an  ad- 
^Toat  river» 
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Early  next  moming  we  entered  the  Nankan  Pass,  and  after  four 
hours'  scrambling  and  sliding  down  over  the  bed  of  a  frozen  torrent, 
which  was  bounded  by  bare  rugged  granitic  mountains,  we  reached 
the  lower  end  of  the  defile,  which,  I  think,  presents  the  finest  and  most 
romantic  scenery  between  Pekin  and  SL  Petersburg.  At  the  lower 
end  of  this  pass,  after  passing  the  famous  gateway  of  Eiiyungkwan, 
you  see  the  junction  of  a  limestone  rock  with  the  granite,  the  latter 
being  overlain  by  the  former.  This  limestone,  together  with  that 
which  I  have  before  mentioned,  is  supposed  to  underlie  the  Coal 
formation,  and  to  be  of  Devonian  age — a  view  which  is  confirmed  by 
the  Brachiopoda  which  are  said  to  occur  in  it. 

The  country  at  the  lower  end  of  the  pass  I  found  to  be  very 
bonldery,  being  covered  with  blocks  of  limestone  and  granite,  which 
had  rolled  down  from  the  mountains.  These  gradually  became  less 
and  less,  until  we  were  at  last  upon  a  cultivated  flat  dusty  plain, 
over  which  we  travelled  until  we  reached  Pekin  on  the  14th. 

I  have  not  said  more  about  my  journey  from  Kalgan  to  Pekin, 
because  this  portion  has  been  already  described  by  Mr.  Pumpelly  in 
the  Smithsonian  Contributions  to  Knowledge,  No.  202,  in  considerable 
detail,  to  which  t  have  but  little  if  anything  to  add. 

When  looking  at  high  rugged  mountains  like  those  I  had  just  passed 
through  in  the  Nankan  Pass,  and  like  others  which  I  had  seen  in  other 
parts  of  the  world,  as,  for  instance,  in  N. W.  Arabia,  it  often  occurred 
to  me  that  these  mountains  must  be  wearing  away  at  an  enormously 
greater  rate  than  others  do  where  the  inclination  is  not  so  steep. 
Mechanical  degradation,  to  which  such  mountains  are  subject,  might 
be  considered  as  roughly  measurable  by  the  action  of  gravity 
palling  particles  to  lower  levels.  A  particle  lying  on  a  level  plane 
is  not  afifected  by  this  action,  and  there  is  no  degradation.  But 
particles  lying  on  inclined  planes  are  pulled  downwards,  and  the 
steeper  the  plane  the  greater  is  the  pull,  and  consequently  the  more 
e£foctive  and  rapid  is  the  action.  Thus,  for  instance,  if  we  see  a  rock 
balanced  on  the  side  of  a  steep  mountain,  we  know  that  there  is 
more  danger  of  its  rolling  down,  and  that  when  it  does  roll,  it  will 
do  so  more  rapidly  than  if  it  had  been  placed  upon  the  side  of  a 
hill  which  was  comparatively  less  steep.  This  renders  it  danger- 
ous to  travel  beneath  a  steep  mountain,  or  through  a  deep  cutting, 
and  this  is  one  way  of  looking  at  ;the  recognized  fact  that  steep 
mountains  are  degraded  at  a  greater  rate  than  those  with  slopes 
more  gentle. 

In  order  to  gain  some  conception  of  what  these  rates  are  in  com- 
parison with  the  slopes  upon  which  they  occur,  we  must  consider 
the  oonditions  tending  to  accelerate  or  retard  the  downward  pull  of 
gravity.  Amongst  the  many  points  to  be  considered  when  com- 
paring the  degradation  or  falling  down  of  material  upon  two  slopes, 
the  following  appear  to  be  of  importance : 

Ist.'  The  force  tending  to  loosen  any  material  lying  upon  the 

surface  of  a  mountain. 
2nd.  The  circumstances  under  which  material  may  obtain  its 
initial  motion. 
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drd.  The  power  that  material  when  in  motion  has  to  roll  to 
lower  levels,  and  to  disengage  otKer  matter  that  it  may  meet 
with  in  its  descent. 
liere  we  see  three  of  the  parts  into  which  the  suhject  divides 
itself,  and  each  of  these  has  to  he  considered  relatively  to  slopes  of 
varying  inclination. 

I'akt  I. — Thfl  ]>e8t  way  to  look  at  Part  I.  Ib  to  take  the  simple  cases  of  bodies 
1yin)(  u\wn  iuclined  planes.  The  force  tending  to  pull  the  body  down  such  a  plane 
ill  itii  wttiglit  (/^)i  multiplied  by  the  sine  of  the  angle  (a)  of  the  inclination  of  the 
plttuo,  or  //'  Hin  a ;  but  as  the  inclination  of  the  plane  increases,  sin  a  also  increases : 
theroforo  /''  nin  a  incrensos.  That  is  to  say,  if  we  haye  two  bodies  of  equal  weights 
on  planoK  ditFiTontly  inclined,  the  force  tending  to  pull  the  body  down  the  steeper 
piano  io  gn^ater  thim  the  force  tending  to  pull  the  body  down  the  plane  which  is  less 
inclintHl. 

The  reason  of  thus  stating  a  self-erident  condition  is  for  the  purpose  of  comparing 
tho  n^liition  existing  betwoen  these  forces  on  two  different  planes,  which  we  see  mu^t 
Ih»  j>r«)in>rtional  to  sm  o.  Thus  if  we  take  planes  with  slo^  of  10°,  20°,  30°,  46*,  60*» 
nn(I  on  oach  of  these  there  rests  a  stone  of  weight  W,  the  force  tending  to  pull  this 
stouo  down  will  be, 

W'siu  10°,  JTsin  20°,   fTsin  30°,  JTsin  46°,  and  JTsin  60°, 

yr-173,     jr-342,     ir-soo,     jr^-707,  frsee. 


or 


From  tlu^HO  few  cases  wc  see  that  for  low  slopes,  say  up  to  30°,  the  force  tending 
to  pull  tho  stono  downwards  increases  approximately  proportionately  to  the  angle; 
thiit  IN.  for  double  tho  inclination  you  got  double  the  force ;  but  on  dopes  of  a  steep 
inolinntion,  um  oonipnrtHl  with  those  of  a  low  inclination,  this  rate  of  increase  is  not 
no  rapid  :  thuft  tho  force  tending  to  pull  a  stone  down  on  a  plane  of  60°  is  not  six 
titnofi  i\\v  iorvv  tiMuling  to  pull  a  stone  down  on  a  plane  of  10  . 

Thii«  n>Hult  will  be  much  more  strikingly  illustrated  if  we  take  into  account  the 
Initiiil  ronistanco  to  motion,  where  the  force  at  starting  will  be  ^ sin  a — fi  JTcwtL, 
^  rrproNrtitiiig  the  initial  resistance  to  motion,  whether  it  is  of  the  nature  of  friction 
or  tho  roniHtJinre  offered  to  the  breaking  off  of  rocky  masses. 

Takt  II. — Before  considering  the  effect  that  matter  has  when  in  motion  down  an 

itirlino,  wo  mnst  recognize  the  fact  that  a  stone  when  it  obtains  motion  upon  a  steep 

niount^iin,  as  in  falling  from  a  rock,  the  rolling  over  of  a  stone  usually  would  obtain 

inoro  Kinotic  energy  at  its  stiirt,  than  one  upon  a  mountain  of  less  inclination  would. 

Thus  upon  an  inclined  plane  ABj  &  particle  falling  from  the  summit  of  a  rock  ae 

to  the  point  b  upon  the  plane  AB, 

a  would  usually  have  a  much  greater 

'\  ^  height  to  fall  upon  a  plane  of  steep 

inclination,  than  it  would  upon  one 
where  the  inclination  was  more  mode- 
rate, and  therefore  at  its  starting  to 
roU  towards  B^  would  also  have  more 
energy. 

C^ling  ah—h\  ae^K;  the  in- 
clination of  the  pianola;  then  A  = 
if  sec  a,  from  which  we  see  the  rocks 
upon  two  different  planes  being 
similar,  or  ae  being  constant,  then 
this  height  varies  as  the  secant  of  the  angle  of  the  inclination  of  the  plane.  There- 
fore a  rock  thus  starting  in  a  manner  analogous  to  that  considered,  either  by  tumbling 
forward  or  actually  falling,  has  at  the  commencement  of  its  course  more  energy  to 
do  work  as  a  stone  in  motion — this  energy  varying  as  the  secant  of  the  angle  of  in- 
clination of  the  plane. 

Paut  III. — Iho  power  that  a  stone  has  in  rolling  to  lower  levels  and  overcoming 
obftacles  in  its  passage  over  the  sides  of  two  mountains  which  differ  only  in  inclina- 
Moiif  might  be  compared  by  the  distance  they  relatively  travel.  It  is  evident  one  on 
a  stM^p  slope  would  tend  to  roll  farther  than  one  on  a  gentle  slope,  and  the  yertical 
distances  down  which  these  blocks  would  travel  before  coming  to  rest  would  measure 
the  relative  rates  of  this  sort  of  degradation,— because  the  mountain  which  rolled 
'!■  material  farthest  down  would  tend  to  become  level  the  c^uickest. 
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Xow  taking  the  same  figure  as  that  illustrating  Part  II.,  and  imagining  a  body  of 
weight  JT,  in  motion  at  the  point  b,  due  to  its  f^  from  a,  and  rolling  to  £,  that  is, 
demnding  through  the  yerhcal  height  marked  S. 

Let  ft,  be  the  resistance  opposed  to  sliding  and  rolling  of  the  body  down  the  plane. 
H  the  body  meets  many  small  obstacles  in  its  path,  this  will  be  analogous  to  a 
frictional  resistance. 

Ist.  Owing  to  its  initial  Telocity,  the  body  will  have  at  starting  from  d,'an 

energy  measured  by  J  '~7~>  ^^t  >f*^2ffKBeca  .-.  J  =  ^JTseca. 

2nd.  The  work  done  by  gravity  upon  the  body  through  the  vertical  distance  J7, 

is  measured  by  fFS. 
3rd.  The  work  done  against  friction  is  fi  TTcosa  ^cosec  a=^  ^iTcot  a. 
Now  when  the  body  comes  to  rest  rolling  down  the  height  if,  its  power  of  doing 
work  must  have  been  absorbed,  or  is  equivalent  to  the  work  done  against  frictionu 
resistances, 

Therefore  WKmc  a+7Fh  =  fi,  WH  cot  a 
Whence  jBr=  JSTsec  a 

fi  cot  a  —  1 
Taking  the  angles 

10'',  20'',  30^,  45°,  and  60°,  where  for  the  sake  of  example  let  ^  =  ^ 

then  R  oo  'bb ;  2*8 ;  oo  ;  oo^;  oo . 

That  is  to  say,  bodies  on  planes  with  an  inclination  above  30°,  where  the  resistance  to 
rolling  was  onl^  half  the  weight,  would  roU  on  until  they  reached  the  base  of  the 
plane,  whatever  its  length  might  be,  getting  faster  as  they  descended ;  whereas  two 
nmilar  bodies  on  planes  only  differing  in  their  inclinations  being  respectively  20°  and 
10",  the  body  on  the  plane  of  20°  womd  roll  more  than /oar  times  as  far  down  as  the 
one  on  the  plane  of  10*. 
Taking  another  case,  where  fi  =  {,  and  the  planes  remaining  the  same, 

H 00  ;31,  J,  3-9,  _« ,  00. 

Now  it  is  clearly  seen  that  as  fi  might  be  much  greater  than  },  the  action  is  pro- 
bably much  more  intensified  than  it  is  here  shown.  It  is  also  easy  to  see  that  if  we 
tidce  into  account  the  probable  mechanical  action  of  water  in  detaching  stones  and 
oih«r  posable  agencies,  the  action  would  also  be  more  intensified  than  is  indicated  by 
tbe  above  numMrs. 

It  is  evident,  however,  that  no  mechanical  theory  can  take  into 
aooonnt  the  infinite  number  of  phenomena  which  really  occur; 
neveriheleBS  these  considerations  will  perhaps  give  an  idea  of* some 
important  circumstances  which  affect  the  rates  of  degradation  of 
•teep  moontains. 

After  more  than  a  week's  rest,  I  left  Pekin  on  the  24th,  my 
deBtination  being  Tiensin.  This  occupied  two  days.  The  country 
travelled  over  was  an  open  flat  loamy  plain,  similar  to  that  which  I 
OTOMed  when  entering  Pekin.  At  Tiensin  I  found  the  river  still 
dosed  by  ice,  and  if  I  intended  travelling  to  Shanghai  by  steamer, 
I  ■hould  have  several  weeks'  delay.  This  being  the  case,  I  deter- 
mined to  travel  overland  in  mule  carts,  a  journey  which  I  was  told 
wonld  occupy  about  twenty  days.  It  was  the  5th  of  February 
before  everything  was  prepared  for  the  journey,  and  at  12  o'clock 
on  that  day,  in  company  with  a  Kussian  officer.  Colonel  Unterberger, 
who  also  wished  to  reach  Shanghai  as  quickly  as  possible,  I  started 
off  <m  a  trip  of  new  experiences. 

For  the  first  six  days  we  rattled  along  over  a  continuation  of  the 
l^nain  and  Pekin  plain.  With  tlie  exception  of  a  few  canal  banks, 
mnd  walls  of  villages,  and  fences  round  fields,  everything  is 
painfiilly  flat.     Every  step   one    takes   raises    a    cloud  oi  d\xsXi> 
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which,  when  the  wind  is  blowing,  becomes  unbearable.  At  times 
this  was  80  thick  that  you  appeared  to  be  surrounded  by  a  fog,  and 
on  one  occasion  it  was  so  bad  that  a  midday  halt  was  called,  and  we 
sought  refuge  in  an  inn,  where  we  remained  until  next  morning. 
The  fine  impalpable  dust,  which  is  raised  in  clouds  at  every  pu£f 
of  wind,  indicates  the  nature  of  the  loam  with  which  these  plains 
are  covered,  and  also  tells  us  something  of  its  origin,  which  was 
probably  as  a  sediment  from  the  flooding  of  some  large  river.  The 
fresh-water  origin  of  these  plain  deposits  has  often  been  before 
referred  to,  a  view  which  is  confirmed  by  shells  I  found  in  it  above 
the  Nankan  Pass,  and  afterwards  in  Shantung.  These  were  C^ena 
and  a  Helix,  and  in  the  more  recent  river  deposits,  Glaucomya  and 
Anodon, 

Mr.  Pumpelly,  in  the  paper  to  which  I  have  before  referred, 
speaks  at  length  about  somewhat  similar  sediments  to  these  which 
he  considers  to  have  been  deposited  in  a  chain  of  connected  lakes. 
Unfortunately  his  explanation  of  the  origin  of  these  lakes  is  very 
vague,  what  he  says  being  that  it  is  probably  to  be  sought  in  the 
dislocation   forming  the   plateau  wall  to  the  north  of   them,  the 
descent  of  the  land  previous  to  that  event  having  probably  been 
toward  the  Gobi,  in  which  direction  also  the  Yellow  Kiver  flowed,  if 
it  existed  at  that  time.     How  far  this  lake  theory  may  be  applied  to 
districts  covered  with  alluvium  lying  far  back  in  Uie  interior  of 
China,  as  in  Ordos,  the  land  lying  in   the  northern  bend  of  the 
Hwang  Ho,  or  to  the  deposits  in  Hupeh  on  the  Yangtse,  I  am  unable 
to  say ;    but  certainly  those  deposits  which  I  saw  when  crossing 
the  provinces  of  Chihli  and  Kiangsu  would>  from  their  position  alone, 
forbid  such  a  supposition.     As  Mr.  Pumpelly  tells  us,  they  appear 
undoubtedly  to  represent  a  delta-plain.     The  river  which  formed 
this  plain  is  the  Hwang  Ho,  which  has  been  partly  assisted  by  the 
Yangtse.     Looking  at  any  ordinary  atlas,  it  will  be  seen  that  the 
Hwang  Ho  now  discharges  itself  into  the  Gulf  of  Pechihli,  on  the 
northern  side  of  Shantung ;  whilst  its  old  course  is  marked  by  dotted 
lines,  showing  that  formerly  it  discharged  itself  into  the  Yellow  Sea, 
nearly  500  miles  farther  to   the   south.     This  change  took  place 
between  1859  and  1860,  when  a  breach  was  made  in  its  banks  30 
or  40  miles  south  of  Kai-fung-fu.     This  may  have  arisen  from  the 
banks  having  been  neglected,  or  it  may  have  been  done  purposely  to 
prevent  the  advance  of  troops,  it  then  being  the  time  of  the  Taiping 
rebellion.    How  easily  this  river  could  devastate  a  country,  I  readily 
perceived  on  reaching  its  banks,  which  was  on  the  11th  of  February, 
the  same  day  that  I  saw  the  mountains.     At  this  point,  which  was 
near  the  city  of  Chi-ho-hsien,  the  breadth  of  the  stream  must  have  at 
least  been  from  300  to  400  yards.     It  was  apparently  very  low,  and 
at  least  25  feet  below  water  marks  in  banks  on  either  side  by  which 
it  was  bounded  as  if  between  two  walls.     These  banks  extend  as 
ridges  across  the  surrounding  flat  country,  and  it  was  not  until  we 
climbed  to  the  top  of  them  that  we  could  see  anything  of  the  water, 
which  was  rapidly  flowing  along  as  a  muddy  stream  at  the  rate  of  about 
200  feet  per  minute.     This  rate  was  calculated  by  walking  down  the 
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banks,  and  keeping  pace  with  blocks  and  pans  of  ice  which  were 
being  carried  down  towards  the  sea.  At  present,  during  flood-time, 
the  waters  of  this  river  must,  I  think,  be  above  the  level  of  the 
sorroanding  country.  In  its  old  course  its  bed,  which  I  subsequently 
walked  across,  was  above  this  level.  In  the  course  of  years,  by  the 
deposition  of  part  of  the  sediment  with  which  its  waters  are  ever 
densely  chaiged,  the  bottom  of  the  new  course  will  be  similarly 
raised.  As  the  bed  is  thus  raised,  the  waters  rise,  and  the  inhabitants 
have  either  to  raise  the  banks  or  else  suffer  from  inundation.  The 
case  is  analogous  to  portions  of  the  River  Po  in  Italy.  Man 
straggles  against  the  vast  accumulation  of  sediments  by  the  waters 
of  these  great  rivers,  but  every  now  and  then  they  break  through 
their  bounds  and  show  themselves  victorious.  Large  numbers  of 
workmen  are  employed  to  maintain  these  banks,  and  should  these 
neglect  their  duty,  or  be  withdrawn  by  a  chief  wishing  to  appro- 
priate the  funds  entrusted  to  him  for  the  carrying  out  of  these 
works,  a  calamity  results,  which,  for  the  destruction  of  life  and 
property,  is  unparalleled.  In  times  of  war  breaches  have  wilfully 
been  made  in  these  banks,  and  conquests  which  were  almost  instan- 
taneons  have  been  effected. 

In  this  way,  by  accident  or  intention,  the  Hwang  Ho  has  often 
devastated  the  surrounding  country  with  floods,  and  made  great 
changes  in  its  courses.  Mr.  Pumpelly  gives  ten  maps  illustrating 
the  different  channels  this  river  has  had  since  the  year  602  b.o. 
These  changes  appear  to  have  been  as  follows,  the  table  showing  the 
number  of  mouths  entering  into  the  Gulf  of  Pechihli  and  the  number 
entering  the  Yellow  Sea. 


Yellow  Sba. 

Gulp  of  Pbchihll 

1.  From  the  time  of  Yu  down  to  602  b.c. 

One 

Three 

2.  Daring  the  Chow  Dynasty,  602  b.c. 

None 

One  or  perhaps  two 
Pernaps  one 

3.  Third  century  b.o. 

One 

4.  About  132  b.c. 

None 

One  or  perhaps  two 
Two 

5.  About  11  B.C. 

None 

S.  From  ▲.&.  70  to  a.d.  1048. 

None 

Two 

7.  From  a.i>.  1048  to  a.d.  1194. 

None 

Two 

S.  TTnder  the  Kin  Dynasty. 
9.  Under  the  Tnen  (Mongol). 

One 

Two 

One 

One 

10.  At  present 

None 

One 

At  each  of  these  periods  there  is  record  of  a  great  change  having 
taken  place  in  the  ooarse  of  the  river,  the  alterations  not  only  as  to 
the  sea  into  which  it  flowed,  bat  also  in  the  direction  of  its  channel, 
having  been  very  great  When  it  flowed  by  one  branch  into  the 
Yellow  Sea,  and  by  one  branch  into  the  Gulf  of  Pechihli,  its  lower 
course  might  be  represented  by  the  letter  Y,  between  the  forks  of 
which  was  situated  the  rocky  province  of  Shantung,  round  the  back 
and  along  the  sides  of  which  these  alluvial  plains  extend.  The  fact 
that  the  Hwang  Ho  often  changes  its  course,  and  in  doing  so  floods 
the  country,  and  that  but  for  the  interference  of  human  agency  this 
would  be  of  more  frequent  and  continuous  occurrence,  to^et\\«t 
with  the  relation  its  braaohes  bold  to  the  province  of  S\itM[ilMng,  ^x^ 
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oiroamstances  which  must  not  be  overlooked  when  considering  the 
origin  of  the  great  plain  of  Eastern  China. 

The  quantity  of  sediment  brought  down  by  this  river  must  be, 
from  what  I  saw,  very  great.  Barrow  estimates  it  as  being  2,000,000 
cubic  feet  per  hour.  This  quantity  of  material  being  oontinually 
deposited  near  the  mouth  of  the  river,  naturally  tends  to  shallow 
the  ocean  and  to  increase  the  present  extent  of  the  delta.  As  an 
example  of  this  increase,  Mr.  Pumpelly  tells  us  that  "  in  b.o.  220 
the  town  of  Putai  is  said  to  have  been  one  li  west  of  the  sea-shore, 
while  in  a.d.  1730  it  w£is  140  li  inland/'  which  is  equivalent  to  a 
yearly  increase  of  about  100  feet 

Taking  this  with  the  facts  already  mentioned,  we  can  readily  carry 
ourselves  back  to  the  time  when  the  mouths  of  the  Hwang  Ho,  and 
with  them  the  sea-coast,  were  much  farther  inland  than  they  are  at 
present,  and  the  province  of  Shantimg  was  lying  out  at  sea  like  a  rocky 
island.  Since  then  there  has  been  a  gradual  deposition  of  material 
going  on,  and  the  coast-line  has  been  encroaching  on  the  secu  What 
is  more,  I  believe  it  probable  that  this  action  may  have  been 
augmented  by  the  operation  of  a  slow  elevation.  The  possibility  of 
an  old  sea-margin,  although  not  advocated,  is  indicated  by  Mr. 
Pumpelly  as  perchance  existing,  from  the  fact  that  the  arms  of  the 
Hwang  Ho  have  not  approached  the  western  mountain  border  of 
the  plain.  Taking  this  in  conjunction  with  the  evidence  of  recent 
elevation  existing  in  surrounding  countries  like  Japan  and  Siberia, 
that  there  has  been  such  an  elevation,  although  by  no  means  proved, 
is  shown  to  be  within  the  pale  of  probability. 

After  crossing  the  Hwang  Ho,  we  ascended  the  slope  towards 
the  Shantung  hills,  which  we  had  seen  before  us.  In  doing  so, 
we  passed  through  several  defiles  in  the  alluvium  which  flanked 
their  sides.  This  alluvium,  instead  of  being  a  homogeneous  mass 
of  consolidated  silt,  like  that  we  had  been  crossing  in  the  plains, 
now  contained  pieces  of  limestone  and  fragments  of  other  rock, 
evidently  derived  from  the  hills  upon  which  it  lay.  The  same 
processes  of  degradation  had  in  times  gone  by,  just  as  at  the  present 
day,  been  occupied  in  moving  the  detached  stones  of  the  hills 
towards  a  lower  level.  On  reaching  the  region  where  silt  was 
being  deposited,  they  were  gradually  covered  up  and  buried,  and 
in  this  way  no  doubt  the  greater  number  of  stones  we  saw  in 
the  alluvium  arrived  in  their  present  position.  On  the  sides  of 
the  hills  before  us,  and  stretching  up  their  valleys,  we  could 
see  terraces  of  ground  which  had  been  formed  for  purposes  of 
cultivation,  reaching  up  to  the  very  limits  of  the  alluvium.  As  we 
ourselves  gradually  ascended  towards  this  limit,  the  loam  grew 
thinner,  and  assumed  a  slightly  reddish  tint.  This  colour  I  fancied 
due  to  the  strata  of  these  parts  having  been  deposited  in  shallow 
water,  where,  by  the  action  of  the  air  and  the  sun's  warmth,  oxide 
of  iron  was  more  readily  deposited  than  it  would  have  been  in 
deeper  water,  not  containing  so  much  oxygen,  or  being  so  near  its 
jouroe.  I  noticed  a  case  of  this  sort  actually  in  operation  along 
"^        welly  shores  of  the  river  Tom  m  C^tL\.T»\  ^\V»T\a.     On  a 
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smaller  scale  it  may  be  seen  around  the  edges  of  ponds  or  even 
paddles  where  the  water  is  at  all  chalybeate — an  analogous 
phenomenon  being  produced  in  the  chemical  laboratory  when  solu- 
tions containing  iron  are  being  evaporated. 

Afler  passing  the  village  of  Kaisa,  we  were  fairly  amongst  the 
hiUsy  which  were  grey  and  rugged,  half  their  surface  being  covered 
with  grass,  and  the  other  half  bare  rock.  Judging  by  Uie  stones 
beneath  our  feet,  and  from  the  rocks  which  here  and  there  cropped 
up,  these  hills  apparently  consist  of  a  bluish-black  hard  limestone, 
which,  from  its  resemblance  to  that  I  passed  before  reaching  the 
Goal-fields  lying  to  the  North  of  Pekin,  and  from  the  fact  that  Coal 
is  likewise  found  in  this  neighbourhood,  I  should  be  inclined  to 
think  was  also  of  Carboniferous  or  else  of  Devonian  age.  The  strata, 
which  in  many  places  are  distinctly  visible,  have  a  slight  dip  of  about 
1°  towards  the  north. 

In  many  places  amongst  these  mountains  we  passed  through  narrow 
defiles  in  the  alluvium.  These  seem  to  have  been  cut  down  through 
the  allavium  which  fills  the  bed  of  these  valleys  chiefly  by  the  agency 
of  traffia  They  could  be  seen  in  all  stages  from  mere  rut  marks  to 
deep  cuttings  flanked  with  perpendicular  walls  40  and  60  feet  in 
height  When  in  these  latter,  looking  up  at  the  loose  material  above 
yon,  charged  with  stones  ranging  from  small  pebbles  to  huge 
boulders,  you  could  not  but  speculate  on  the  risk  incurred  by  passing 
travellers.  Some  of  these  defiles  were  so  narrow  that  we  had  to  wait 
until  the  line  of  wheelbarrows,  carts,  and  people,  which  are  as  thick 
upon  these  country  roads  as  they  are  upon  a  market-day  in  a  country 
town  at  home,  going  in  a  direction  opposite  to  that  in  which  we 
were  travelling,  had  passed  out  before  there  was  room  for  us  to 
enter.  In  the  mountain  wadies  of  North-western  Arabia  I  have 
noticed  the  formation  of  clifis  of  earth  which  are  very  similar  to 
these  in  China.  The  growth  of  these  truly  perpendicular  walls 
in  Arabia  appears  to  result  from  the  undermining  action  of  the  little 
water  which  sometimes  trickles  down  these  wadies,  together  with 
that  produced  by  a  sand-drift  which  is  ever  working  along  their 
lower  portions.  When  this  has  gone  on  for  a  certain  distance,  the 
saperinoumbent  material,  having  little  or  no  lateral  attachment  to  the 
contigaous  mass,  falls  down.  There  being  nothing  in  the  material  to 
produce  an  unequal  disintegration,  should  it  commence  at  any  one 
point,  it  is  at  once  carried  very  rapidly  over  the  surface  of  the  plain 
in  which  it  commenced,  the  materials  being  so  loosely  placed  together 
that  they  are  mutually  dependent.  Similar  causes  no  doubt  aid  in 
the  formation  of  the  Chinese  gulleys.  Those  which  run  back  towards 
the  mountains  as  tributaries  to  these  main  arteries  of  traffic  have 
DO  doubt  also  been  hollowed  out  by  the  action  of  water,  which,  com- 
mencing at  the  bottom  of  the  valley,  worked  its  way  backwards  up 
towards  the  hills,  much  in  the  same  way  that  a  waterfall  acts  upon 
the  face  of  rock  over  which  it  drops. 

Next  morning  at  8  a.m.  (Saturday  12th)  we  reached  a  point  where 
the  limestone  ended  and  gave  place  to  granite.  With  this  change, 
both  hills  and  roads  were  roug'ber.     About  12  o* clock  N<7e  qiq^^ 
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the  water-partiDg,  and  apparently  the  axial  line  of  the  granitic 
nacleua.  In  the  afternoon  we  passed  Taioan,  a  large  and  (XHn[«d 
town,  beantifnll;  lituated  beneath  a  high  m^jod  clump  of  granitia 
mountains.  Beyond  this  town  we  emerged  npon  an  open  plain, 
and  we  were  not  a  little  pleased  to  be  relieved  for  a  time  from  the 
rough  jolting  we  had  been  undergoing  in  our  springless  oarta  over 
boaldery  ro«^ 

The  occurrence  of  granitio  rocka  in  this  portioB  of  Shantung, 
coupled  with  what  has  been  observed  further  to  the  Dorth-east,  aa,  for 
instance,  near  Cheefoo,  would  indicate  that  this  province  has  altogether 
an  axis  of  granite  rather  than  one  partly  of  Devonian  Limeetone,  u 
indicated  npon  Mr.  Pumpelly'a  "  Hypothetical  Map  of  the  Structure 
of  China."'  Although  we  now  travelled  npon  a  plain,  high  moun- 
tains yet  remained  both  upon  our  ri^t  and  left.  That  nig^t  we 
crossed  the  river  Van  Ho.  It  was  about  100  yards  broad,  and  deep 
enough  to  reach  the  axle-trees  of  our  wagons. 

Next  morning,  Feb.  13th,  we  bent  our  coarse  towards  the  east, 
and  turned  up  a  slope  on  to  a  low  part  of  the  hiUs,  which  upon  the 
previous  day  had  been  upon  our  right  These  were  g^'anitic,  and 
round  and  undulating  in  outline,  reminding  me  in  contour  of  some 
of  the  mining  districts  in  the  vicinity  of  Land's  End  in  ComwalL 
From  the  materials  used  in  building  honsea  and  walls  in  thia 
district,  I  think  that,  in  addition  to  the  granite,  limestone  must  also 
occur.  The  ground  aronild  was,  however,  covered  with  quartz  and 
degraded  felspar,  llie  result  of  the  decomposing  granite.  During 
the  afternoon  our  course  was  S.S.E.  along  a  plain  sis  or  eight  miles 
broad,  bordered  right  and  left  by  hills,  which  were  partly  limestone 
and  partly  granitic  The  limestone  hills  were  seen  first  upon  onr 
left,  but  afterwards  upon  both  right  and  left.  These  dipped  at  about 
15°  N.  About  fi  P.M.  onr  road  led  na  over  a  ridge  of  earthy  red 
beds,  which  dipped  at  10°  K.W.  Disseminated  through  them  were 
nodules  of  white  calcite. 

All  next  morning  (14th  Feb.)  we  travelled  over  limestone  projec- 
tions, and  boulders  produced  by  weathering,  which  made  oar 
road  BO  uneven,  that  we  could  not  remain  in  onr  carts.  A  large 
town  called  Moiinshan,  which  we  passed,  had  walls  built  OQt  of 
this  grey  limestone.     I  also  noticed  blocks  of  conglomerate,  and  a 


B  af  nm  — Secticm  acroas  the  tsMbj  near  DowdjOB  Shnntong.    The  n. 

ire  gran  te  (he  floor  of  the  vallej'u  hmsstone  with  nsuperfic  al  coTeringof  alluTinm. 
|k    >  See  Coiitnbationa  to  Enovledge,  Iio  SD2,  of  the  Sm  theouiui  Imtitttte. 


JVqf.  Milne — Across  Europe  and  Asia.  71 


ledduh  sandstone.  On  onr  left  we  still  bad  bills  consisting  of  a 
ysUowisb  grey  limestone  dipping  S.E.  at  10°.  Fartber  on,  tbe  lime- 
stone became  blackisb,  tben  sbaly,  and  afterwards  pinkisb.  Tbis 
limestone  is  not  so  bard  and  cberty  as  tbat  wbicb  1  saw  wben  enter- 
ing tbe  Sbantnng  mountains.  About  midday,  near  Dowdjoa,  tbe 
granite  again  commenced,  botb  upon  our  rigbt  and  left.  On  tbis 
the  limestone  appears  to  rest,  and  on  tbat  again  tbe  alluvium,  as 
illostrated  in  tbe  accompanying  section  taken  from  N.E.  to  S.W. 
across  tbe  valley  down  wbicb  we  were  journeying. 

During  tbis  part  of  our  course  we  crossed  tbe  sandy  beds  of  many 
small  rivulets,  wbicb  eitber  found  tbeir  way  tbrougb  a  gap  in  tbe 
mountains  upon  our  rigbt,  or  else  joined  a  stream  running  parallel 
witb  us. 

Next  day,  Feb.  15tb,  tbe  country  appeared  rapidly  to  be  growing 
flatter.  After  passing  Pingbabo,  witbin  tbe  distance  of  a  mile,  we 
crossed  tbe  successive  outcroppings  of  tbe  following  four  beds  : — 

1.  A  Tolcanic  rock  fonning  a  roanded  knoU. 

2.  A  Red  Quartzose  Sandstone. 

3.  Beds    of    Black    and    Yellow  Shales,    which    were    Tery   thin,    fissile, 
argillaceous  and  slightly  calcareous. 

4.  Overlying  all  the  above,  a  highly  Calcareous   Sandstone,    which,  being 
harder  than  number  2  or  3,  stood  above  them  as  a  small  ridge. 

These  rocks,  wbicb  strike  N.E.  and  S.W.  and  dip  10'' E.,  from  tbeir 
litbological  resemblance  to  tbe  rocks  of  tbe  Coal-measures,  1  take  as 
belonging  to  tbat  formation,  as  indicated  in  Mr.  Pumpelly's  map,  to 
wbicb  I  bave  before  referred.  About  balf  an  bour  after  passing 
tbese  beds,  I  saw  tbe  outcrop  of  a  porpbyry  containing  large  crystals 
of  felspar,  wbicb  was  immediately  followed  by  a  granitic  country 
traversed  by  quartz  veins  stained  witb  iron  oxide. 

At  2  o'clock  in  tbe  afternoon  we  forded  a  large  stream,  50  yards 
broad,  running  towards  tbe  soutb-east,  and  immediately  entered  tbe 
large  town  of  Ejow. 

At  6  o'clock  in  tbe  evening  we  forded  a  rapid  river  running  to 
tbe  rigbt,  called  tbe  Yee  Kai,  and  entered  tbe  town  of  Yee  Kai  San, 
wbere  we  remained  for  tbe  nigbt. 

Next  day  we  were  fairly  out  upon  tbe  open  alluvium  plains,  and 
the  only  bills  we  could  see  were  some  very  low  ones,  away  upon 
the  western  horizon.  On  Thursday,  the  17tb  February,  we  crossed 
the  gravelly  bed  of  an  old  river  which  must  bave  been  200  yards  in 
breadth,  and,  from  the  direction  in  wbicb  tbe  sharp  edges  of  tbe 
piers  of  an  old  bridge  were  yet  standing,  must  bave  run  to  tbe  left. 
On  Friday  the  18tb,  we  travelled  a  short  distance  along  the  embank- 
ment of  a  canal  about  50  yards  broad  and  running  east.  About 
midday  we  walked  through  the  embankments  and  across  the  old 
bed  of  the  Hwang  Ho,  which  is  now  under  cultivation,  immediately 
afterwards  entering  the  town  of  Tsingkianpu,  where  we  left  our 
carts  and  engaged  a  boat  upon  tbe  Grand  Canal.  The  stream  being 
with  as,  and  the  wind  favourable,  we  travelled  rapidly.  On  Mon- 
day we  passed  a  breach  in  the  rigbt  bank,  and  obtained  a  view  of 
the  Lake  Eoieokbo.  This  lake  is  about  15  feet  deep,  and  is  con.- 
nected  witb  tbe  oana],  which,  at  this  point,  is  itself  only  ^^  \o  ^  i^^ 
m  depth. 
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On  Tuesday,  the  22nd  Febmaiy,  we  reached  Chingkian  on  ihe 
Yangtse,  where  we  were  fortunate  in  meeting  a  steamer,  which 
next  morning  landed  us  in  Shanghai,  after  a  quick  trip  of  19  dajrs 
since  leaving  Tiensin  ;  six  months  and  three  weeks  sinoe  leaTing 
England.  This  latter  section  of  my  journey  through  half  the 
length  of  China,  although  not  so  trying  as  \he  trip  I  had  just 
experienced  in  Mongolia,  was  both  tedious  and  disagreeable. 
Everywhere  one  was  followed  by  crowds  of  people,  who  called  one 
a  '*  foreign  devil."  Sometimes  we  were  rehised  admittance  at  the 
inns,  and  had,  in  consequence,  difficulties  in  finding  lodgings.  We 
had  to  travel  from  before  sunrise,  often  4  a.m.  until  after  sunset,  in 
a  springless  vehicle,  drawn  generally  at  a  trot  over  rough  roads. 
These  facts  alone,  without  the  enumeration  of  others,  will  at  onoe 
be  recognized  as  being  sufficient  to  render  observation  almost  an 
impossibility. 

The  first  part  of  this  journey  from  Ealgan  to  Pekin  has  been 
described  by  Mr.  Pumpelly,  who  made  many  excursions  in  the 
neighbourhood  of  these  towns,  and  my  scattered  notes  are  only  con- 
firmatory of  what  he  has  already  written. 

On  the  remainder  of  my  journey  between  Pekin,  Tiensin,  and 
Shanghai,  my  observations,  although  fragmentary,  may  be  useful  as 
giving  a  general  idea  of  the  structure  of  this  portion  of  China,  and 
adding  something  to  its  geological  cartography. 

The  provinces  traversed  were  Chihli,  Shantung,  and  Eiangsn. 
Shantung,  which  runs  from  N.E.  to  S.W.,  appears  to  have  a  central 
axis  of  granite.  Flanking  this,  upon  the  S.E.,  there  are  limestones, 
shales,  and  sandstones,  and  upon  the  N.W.  limestones.  A  portion 
of  these  latter  may  be  Devonian,  but  the  remainder,  together  with 
those  upon  the  S.E.,  are  probably  Carboniferous.  These  formations 
make  Shantung  a  mountainous  province,  and  give  a  character  to  its 
natural  products  and  to  the  industries  of  its  people. 

Lying  round  this,  from  the  shores  of  the  Pechihli  Gulf  on  the 
north,  extending  as  a  semicircle  down  to  the  Yellow  Sea,  are  plains 
of  alluvium  representing  a  delta  formation  of  the  Hwang  Ho. 

Conclusion.  — After  arriving  at  Shanghai,  I  took  a  ship  to  Japan, 
where  1  arrived  on  the  8th  of  March,  1877,  after  seven  months  and 
seven  days  travel,  which  brought  me  fairly  to  the  limit  of  the  subject 
embraced  under  the  title  of  this  paper,  "  Across  Europe  and  Asia," 

The  land  journey  between  St.  Petersburg  and  Shanghai  was  more 
than  6000  miles,  4000  miles  being  through  Russia  and  Siberia,  800 
miles  through  Mongolia,  and  about  1000  miles  through  China.  Cou- 
sidering  the  distance  travelled,  and  the  time  occupied  upon  the 
journey,  it  is  unsatisfactory  to  look  at  the  little  information  bearing 
on  geology  which  I  was  enabled  to  collect.  The  chief  cause  of  this 
was  from  the  fact  that  it  was  imperative  that  I  should  always  be 
moving,  not  only  during  the  day,  but  also  very  often  during  the 
night.  Not  knowing  the  language  of  the  country  in  which  I 
travelled,  precluded  me  from  inquiry.  Again,  many  districts,  like 
the  Siberian  Steppes,  presented  a  monotonous  sameness  throughout 
their  area,  whilst  the  least  known,  and,  I  believe,  the  most  interesting, 
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section  of  my  journey  in  Eastern  Siberia  and  across  Mongolia,  not 
only  was  everything  buried  in  snow,  but  the  cold  was  so  intense 
that  I  oould  do  little  more  than  attend  to  personal  requirements.  In 
China,  the  chief  detriment  to  the  making  of  observations  was  the 
rapidity  of  travel,  which  prevented  any  deviation  from  the  track, 
ooupled  with  a  rude  and  ignorant  inquisitiveness  displayed  by  the 
inhabitants,  from  whom  there  was  no  escape. 

These  oironmstanoes  will,  I  think,  sufficiently  explain  the  meagre- 
ness  of  my  notes,  and  at  the  same  time  the  origin  of  any  inaccuracies 
shonld  they  perchance  be  found  to  have  unobservedly  or  unwittingly 
crept  in.  Here  and  there  upon  my  journey,  especially  in  Siberia,  I 
found  friends  who  endeavoured  to  exchange  ideas ;  but  unfortunately, 
with  but  few  exceptions,  I  found  my  ignorance  of  Bussian  usually 
prevented  my  obtaining  a  tithe  of  what  I  might  otherwise  have 
learnt.  Whilst  subsequently  writing  out  these  notes,  being  without 
the  means  of  reference  may  in  all  probability  have  caused  me  to 
put  forth  arguments  either  for  or  against  which  there  may  be  much 
evidence  yet  remaining  to  be  adduced.  In  several  instances  my 
aigoments  have  been  antagonistic  to  the  existence  of  polar  ice-caps, 
bat  this  has  only  been  in  regard  to  the  production  of  certain  phe- 
nomena. All  that  I  endeavoured  to  show  is,  if  these  mighty  engines 
existed,  their  traces  must  in  many  cases  have  been  subsequently 
obliterated,  and  what  is  more,  many  of  the  so-called  glaciated 
regions  of  the  world  I  believe  to  have  been  produced  by  coast-ice 
acting  on  a  rising  area. 

When  speaking  of  the  origin  of  the  Siberian  Steppes,  as  in  the 
case  of  the  glaciated  rocks  I  saw  in  Finland,  I  have  endeavoured  to 
explain  their  origin  by  existing  agencies  rather  than  referring  to 
thoae  the  origin  and  action  of  which  were  more  debatable. 

What  I  said  of  the  earthquakes  of  Eastern  Siberia  I  gathered  in 
part  from  an  epitome  which  is  given  of  them  by  Messrs.  Orlof  and 
bhtaikin  in  the  Siberian  Calendar  for  1875. 

The  remainder  of  my  information  was  gathered  from  personal 
observation  or  from  persons  more  or  less  conversant  with  the  sub- 
jects on  which  I  have  written,  to  all  of  whom  I  think  I  have  before 
referred,  and  whom  I  now  take  the  opportunity  of  kindly  thanking. 

It  therefore  only  remains  for  me  to  put  my  fragmentary  jottings 
forth  to  be  sifted,  arranged,  and  taken  for  their  worth.  In  some 
oases  I  may  have  been  mistaken  in  my  observations,  or  have  over- 
estimated their  worth ;  but  where  this  is  so,  feeling  my  fallibility,  I 
hold  myself  open  to  conviction. 

IV. — On  thb  Pbssebvation  of  Deposits  op  Incohebent  Materials 

UNDER  Till  or  Boulder- clay. 
By  Jambs  Gbikib,  LL.D.,  F.K.S. 

THOSE  who  maintain  that  Till  or  Boulder-clay  has  not  only 
originated  but  accumulated  underneath  glacier-ice  may  some- 
times have  felt  puzzled  to  account  for  the  preservation  of  beds  of 
more  or  less  incoherent  materials  below  a  deposit  which  they  have 
10  many  cogent  reasons  for  believing  to  be  a  true  moraine  pTo|<mdift. 
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How  could  such  loose  stuff  as  gravel,  sand,  and  silt  withstand  the 
grinding  action  of  a  superincumbent  ice-sheet?  And  how,  if  these 
deposits  have  been  thus  traversed  by  ice,  can  we  reconcile  that  with 
our  belief  in  the  excavating  power  of  an  ice-sheet  ?  This,  indeed,  is 
the  principal  objection  urged  by  Mr.  S.  V.  Wood  and  others  who 
deny  altogether  that  Till  or  Boulder-clay  has  been  amaased  bdbw 
ice.  They  deem  it  quite  impossible  that  an  ice-sheet  oonld  psa  over 
such  beds  as  I  have  referred  to  without  obliterating  tiiem;  and  having 
assumed  so  much  (for,  of  course,  it  is  solely  upon  their  preconceived 
ideas  as  to  how  a  great  ice-sheet  would  behave,  that  their  objectioii 
is  based),  they  find  no  difficulty  in  concluding  that  Till  could  not 
have  been  aooumulated  under  ice,  and  that  the  occurrence  of  Till 
vesting  upon  beds  of  gravel,  sand,  and  day,  is  no  proof  whatever 
of  the  former  passage  of  an  ice-sheet.  In  this  short  paper,  however, 
I  do  not  mean  to  enter  upon  the  question  of  the  mode  of  formation 
of  TilL  Quite  enough  ink  has  already  been  shed  upon  the  subject 
Every  day  supplies  me  with  fresh  evidence  in  favour  of  the  view 
which  I  support — namely,  that  Till  has  not  only  been  formed  bnt 
also  accumulated  under  an  ice-sheet ;  and  I  am  not  aware  of  any 
phenomena  which  this  theory  of  the  origin  of  Till  fails  to  explain, 
although  very  many  facts  are  known  to  me  which  are  quite  irrecon- 
cilable with  any  other  view.  My  object  at  present,  however,  is  not 
to  point  out  the  inadequacy  of  other  theories  and  hypotheses— in 
doing  which  there  would  necessarily  be  much  repetition  of  many 
unanswered  arguments — but  simply  to  show  that  a  strong  and  well- 
grounded  belief  in  the  erosive  power  of  ice  is  quite  consistent  with 
an  equally  firm  conviction  that  in  many  cases  thick  masses  of  ice 
have  crept  over  beds  of  gravel,  sand,  silt,  clay,  and  peat.  The  one 
persuasion  is  no  more  contradictory  to  the  other,  than  a  serene  confi- 
dence in  the  denuding  powers  of  running  water  is  opposed  to  the 
belief  that  the  same  water  also  deposits  and  accumulates  detritus 
while  it  flows.  One  may  surely  hold  that  a  certain  deep  ravine  or 
glen,  in  the  upper  part  of  a  river- valley,  has  been  excavated  in  the 
course  of  ages  by  the  stream  one  sees  at  the  bottom,  and  at  the  same 
time  assert,  without  the  fear  of  being  considered  self-contradictory, 
that  the  broad  alluvia  (overlying,  it  may  be,  incoherent  marine 
strata),  in  the  lower  and  more  open  reaches  of  the  valley,  have  been 
deposited  by  the  very  same  river  that  dug  out  the  deep  ravine  above. 
What  I  and  others,  who  hold  with  me,  maintain  is  simply  this  :  first, 
that,  in  regions  where  the  erosive  action  of  the  ice-sheet  was  great, 
little  or  no  Till  was  allowed  to  gather,  and  rock-basins  were  scooped 
out,  when  the  nature  of  the  ground  was  favourable  to  that  end  ;  and 
secondly,  that,  in  places  where  the  grinding-power  exerted  was  less, 
thick  Till  frequently  accumulated,  and  subglacial  and  intei^lacial 
beds  were  often  preserved. 

Our  ice-sheet  flowed,  we  cannot  doubt,  with  a  differential  motion : 
it  must  have  moved  faster  in  some  places  than  in  others.  In  steep 
valleys  and  over  a  hilly  country  its  course  would  often  be  compara- 
tively rapid,  but  very  irregular — lagging  here,  flowing  quickly  there 
— while  in  wide,  open  valleys  that  sloped  gently  to  the  sea,  such  for 
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example  as  those  of  the  Forth  and  the  Tweed,  the  whole  body  of 
the  ice  would  flow  with  a  slower  and  more  equable  motion.  As  the 
ice-sheet  approached  its  termination,  more  especially  if  that  terminus 
chanced  to  be  upon  a  broad  and  comparatively  flat  region,  like  East 
Anglia,  the  erosive  power  of  the  ice  would  become  weaker  and 
er  for  two  reasons :  first,  because  of  its  gradual  attenuation,  and 
',  because  of  its  constantly  diminishing  motion.  These,  in  a 
few  vrordby  are  the  varying  effects  which  one  might  d  priori  infer 
would  be  most  likely  to  aooompany  the  action  of  a  great  ice-sheet 
And  an  examination  of  the  ghunal  phenomena  of  this  and  other 
countries  shows  that  the  actual  resnlts  are  just  as  we  might  have 
anticipated,  had  it  been  previously  revealed  to  ns  that  a  luge  part  of 
onr  hemisphere  was,  at  a  cpmparatively  recent  date,  almost  entirely 
smothered  in  ice.  In  places  where,  from  the  nature  of  the  ground, 
we  should  look  for  traces  of  great  glacial  erosion,  we  find  rock- 
basins  ;  in  broken  hilly  tracts,  where  the  ice-flow  must  have  been 
oompcu:%tively  rapid  bat  irregular,  and  the  glaciation  severe,  we  meet 
with  roehes  mouionnies  in  abundance,  but  with  very  little  Till ;  in 
the  open  lowlands  and  in  the  broad  valleys  where  the  ice-sheet 
would  advance  with  diminished  but  more  equable  motion,  we  come 
upon  widespread  and  often  deep  glacial  deposits,  and  now  and  again 
with  interglacial  beds ;  while  over  regions  where  the  gradually  de- 
creasing ice-sheet  crawled  slowly  to  its  termination,  we  discover 
considerable  accumulations  of  Till,  often  resting  upon  apparently 
undisturbed  beds  of  gravel,  sand,  and  clay. 

2%«  distribiUion  of  interglacial  deposits,  therefore^  is  really  in  itself 
a  piroof  that  they  have  been  overridden  by  ice.  When  they  occur  in 
highly  glaciated  regions,  it  is  only  as  mere  patches,  which,  occupying 
sheltered  places,  have  been  preserved  from  utter  destruction.  In 
the  opener  low  grounds  they  are  found  in  greater  force,  although 
in  such  places  they  almost  invariably  afford  more  or  less  strong 
evidence  of  having  been  subjected  to  much  erosion  and  crumpling. 
But  the  further  we  recede  from  the  principal  centres  of  glaciation, 
and  the  nearer  we  approach  the  extreme  limits  reached  by  the 
ice-sheets,  the  more  extensive  and  the  less  disturbed  do  interglacial 
deposits  become.  In  a  word,  they  occur  in  best  preservation  where 
the  erosive  power  of  the  ice  was  weakest ;  they  are  entirely  wanting 
where  we  have  every  reason  to  believe  that  the  grinding  force  was 
strongest. 

If  we  look  at  the  interglacial  beds  themselves  with  any  attention, 
it  is  very  rarely  indeed  that  we  shall  not  find  proof  of  their  having 
been  subjected  to  more  or  less  crushing  and  erosion.  The  overlying 
Till  cuts  into  them  again  and  again — they  are  oflen  caught  up  and 
involved  with  the  Till — and  crumpling  and  contortion  are  frequently 
conspicuous.  No  one  who  has  paid  much  attention  to  glacial  matters 
will  doubt  that  all  this  powerful  erosion  and  confusion  are  due  to 
the  passage  of  ice  over  the  beds.  It  may  be  taken  as  proved, 
therefore,  that  an  ice-sheet  does  under  certain  conditions  ride  over 
incoherent  deposits  of  gravel,  sand,  silt,  clay,  and  peat,  without 
entirely  obliterating  them.    But  all  interglacial  beds,  even  m'\i\^iDX^- 
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gliioiAted  Scotland,  are  not  equally  ornmpled  and  contorted.  Oo- 
(uiMidimlly  the  layers  of  sand  and  laminated  clay  lie  quite  horizontal, 
ttvon  when  the  Till  cuts  down,  as  it  were,  to  the  depth  of  20  feet 
and  more  into  the  stratified  deposits.  We  have,  therefore,  further 
pn)of  that  ice  may  roll  its  bottom-moraine  over  incoherent  deposits 
without  disturbing  the  horizontality  of  their  bedding,  although  at 
the  same  time  these  same  deposits  may  here  and  there  be  abruptly 
out  out  and  tmncated. 

If  such  has  taken  place  in  the  valleys  of  a  well-glaciated  country 
like  Scotland,  it  surely  cannot  be  unreasonable  to  infer  that  in  a  less 
ice-worn  country,  in  a  region  where  the  ice  was  not  so  thick,  and 
where  its  motion  was  slower,  interglacial  beds  should  be  much 
better  preserved.  If  the  ice  has  spared,  in  hilly  Scotland,  inter- 
glacied  deposits  that  range  in  thickness  from  a  foot  or  two  up  to 
twenty  yards  and  more,  where  is  the  improbability  of  its  having 
overridden  much  thicker  and  more  continuous  deposits  in  those 
low-lying  parts  of  England  where  it  approached  its  termination  ? 

And  here  I  may  remind  geologists  of  one  among  many  equally 
suggestive  facts,  connected  with  the  distribution  of  inteiglacial  beds 
in  Scotland,  that  while  we  have  indubitable  evidence  of  a  sub- 
mergence of  the  land,  during  the  last  'interglacial  period,  to  an 
extent  of  upwards  of  500  feet,  the  marine  deposits  of  ihat  date  have 
yet  been  all  but  entirely  swept  away  from  the  higher  levels  and 
more  exposed  parts  of  the  country — ^there  being  only  one  place 
where  they  are  met  with  so  high  up  as  500  feet  It  is  not  until  we 
get  down  to  the  low  country — to  the  wide  open  valleys,  and  to  the 
borders  of  some  of  the  great  friths  (which  are  merely  submerged 
valleys) — that  we  find  Qie  relics  of  the  marine  stage  of  the  last 
interglacial  period  coming  on  in  force.  An  excellent  example  of 
this  peculiar  distribution  of  interglacial  marine  deposits  came  before 
me  recently  in  the  Outer  Hebrides.  Interglacial  beds  are  met  with 
in  two  places  in  the  Long  Island,  namely,  at  Ness  and  in  the  Eye 
Peninsula.  The  highest  point  attained  by  these  deposits  is  about 
200  feet  above  the  sea.  They  rest  upon  an  eroded  surface  of  Till, 
and  are  themselves  overlaid  by  a  second  or  upper  TiU,  underneath 
which  they  show  a  most  irregular  surface,  as  a  rule,  l>eing  cut  into 
by  the  Till  and  crumpled,  contorted,  and  confused.  In  other  parts 
of  the  same  cliff-sections,  however,  they  show  little  or  no  dis- 
turbance at  all,  but  the  Till  rests  upon  them  apparently  quite 
conformably.  In  the  Eye  Peninsula  they  occur  as  a  mere  local 
patch,  which  exhibits  all  the  appearance  of  having  been  scooped  and 
ploughed  out — the  clay  being  abruptly  truncated,  and  overlaid  by 
red  Till.  When  these  interglacial  beds  were  accumulated,  all  the 
low  grounds  of  Lewis,  up  to  a  height  of  200  feet  at  least,  must 
have  been  submerged — and  this  submeigence  could  hardly  have 
been  local  and  confined  to  Lewis,  but  extended  in  all  probability  to 
the  whole  Outer  Hebrides.  Where,  then,  we  may  well  ask,  are  the 
marine  deposits  which  must  at  one  time  have  cloaked  these  low 
grounds — where  are  the  clay-beds  and  sandy  deposits  and  beach 
ulations  which  must  have  been  laid  down  contemporaneously 
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^th  the  inteiglacial  beds  at  Ness  and  Garrabost  ?  The  low  grounds 
n  question  are  sprinkled  solely  with  Till,  and  dotted  with  morainio 
nbbish  and  erratics.  Instefiid  of  marine  deposits,  we  see  only  the 
narks  of  a  recent  and  severe  glaciation.  Every  vestige  of  the 
ast  interglacial  occupation  by  the  sea  (with  the  two  exceptions 
nentioned)  has  been  swept  away  by  the  ice-sheet,  whose  bottom- 
noraine  was  rolled  over  the  shell-beds  at  Ness  and  Garrabost 
bid  the  principal  mass  of  these  deposits  occurs  in  the  very  position 
^bere,  as  I  shall  have  occasion  to  point  out  more  particularly  in 
Jiother  place,  the  ice-sheet  must  necessarily  have  exerted  less  grind- 
ng  power. 

I  have  drawn  attention  elsewhere  to  certain  remarkable  facts  con- 
lected  with  the  distribution  of  interglacial  beds  in  North  America, 
Jid  have  pointed  out  that  the  researches  of  our  fellow-labourers 
Q  the  States  and  Canada  have  proved  that  American  interglacial 
(eposits  occur  in  the  same  peculiar  manner  as  our  own : — they  are 
bisent  or  very  rarely  met  with  in  the  regions  north  of  the  great 
akeSy  and  they  increase  in  importance  as  they  are  followed  south. 
{aite  recently  Mr.  G.  Jennings  Hinde,  of  Toronto,  has  described 
ome  very  interesting  and  important  sections,  which  are  exposed 
tpon  the  shores  of  Lake  Ontario.^  These  sections  show  no  fewer 
ban  three  separate  beds  of  Till  with  intervening  stratified  deposits, 
he  lower  one  of  which  has  yielded  many  pleufit-remains  and  fresh- 
rater  organisms.  The  section  extends  continuously  along  the  shores 
»f  the  I^ke  for  a  distance  of  nine  miles  and  a  half,  and  the  fossil- 
ferous  interglacial  beds  attain  a  thickness  of  140  feet.  Occasionally 
bey  are  violently  contorted  and  confused,  and  in  one  place  the 
verlying  Till  cuts  down  into  them  to  a  depth  of  more  than  100 
eet — ^the  breach  occupied  by  the  Till  being  about  450  yards  in 
»readth.  Tet  throughout  the  greater  part  of  the  section  this  over- 
^ng  Till  rests  apparently  quite  conformably  upon  the  stratified  de- 
osits,  which  then  show  perfectly  horizontal  and  undisturbed  bedding. 
lere,  then,  we  have  a  case  where  one  and  the  same  ice-sheet  has 
loughed  out  incoherent  strata,  driving  a  deep  and  broad  trench 
brough  them,  although  here  and  there  it  has  allowed  them  to  escape 
riih  only  severe  crumpling,  contortion,  and  confusion,  while  in  yet 
ther  places  it  seems  to  have  rolled  its  bottom-moraine  quietly  over 
beir  surface  in  such  a  way  as  to  leave  the  beds  apparently  un- 
ennded  and  undisturbed. 

The  same  geologist  writes  me  that  *'  up  to  the  present  time  these 
iterglacial  clays,  etc,  appear  to  occur  only  in  the  lake-depressions 
ad  other  localities  at  low  levels.  1  cannot  find  them  in  the  more 
levaied  districts,  and  supposing  a  fresh  glacier  now  to  creep  over 
lis  country,  it  would  sweep  before  and  beneath  it  the  Till  on  the 
plands,  and  cover  over  the  stratified  clays  in  the  present  lakes  with 
lis  material ;  and  there  would  thus  be  a  repetition  of  the  same 
rrangement  of  stratified  beds  and  overlying  Till  as  is  now  seen  in 
le  present  cliffs  facing  the  lake.''  He  thinks  that  the  earliest 
le-sheet  had  more  grinding  power  than  the  ice-sheets  of  later  cold 

>  Canadian  Journal,  April,  1877. 
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norimls ;  but  the  Till  that  overlies  the  fossiliferoiiB  interglacial  beds, 
indiontos  nevertheless,  the  former  presence  of  a  vexy  oonsiderahle 
{(Munhoet,  for  the  beds  which  it  has  spared  are  the  mere  fragments 
of  wliat  must  have  been  widely  extended  deposits  covering  a  broad 
rtt^on,  from  which  they  have  since  been  entirely  removed. 

Mr.  Hinde  tells  me  also  that  he  has  just  discovered  plant-remains 
ill  a  similar  position  near  Cleveland,  Ohio.  The  deposits  at  this 
place  are  described  by  Dr.  Newberry  as  his  "  pebbly  Erie  clay." 
They  consist,  my  correspondent  says,  first,  of  Till  at  the  lake-level; 
secondly,  of  about  48  feet  of  sand  and  loam,  containing  a  layer  of 
])lants  ;  and  thirdly,  of  good  unstratified  Till  full  of  striated  stones, 
— six  feet  thick.  The  interesting  point  about  this  section  is  the 
occurrence  of  plant-remains  in  beds  that  belong  to  Dr.  Newberry's 
*' laminated  clay  series" — a  series  which  that  able  geologist  has 
described  as  unfossiliferous,  and  never  overlaid  by  TilL 

I  might  easily  refer  to  many  examples  of  similar  phenomena  in 
the  glaciated  districts  of  Northern  Europe,  to  show  that  the  distri- 
bution of  interglacial  beds  is  the  same  there  as  in  our  own  country 
and  North  America.  But  I  need  not  enter  further  into  details  at 
present  It  is  enough  for  my  immediate  purpose  to  have  again 
pointed  out  that,  in  considering  the  origin  of  glacial  and  intergldMcial 
deposits,  it  is  needful  that  we  pay  more  attention  to  the  distribution 
of  these  beds  than  we  have  hitherto  done.  This  is  the  direction  in 
which,  as  it  seems  to  me,  we  must  look  for  the  key  to  the  whole 
mystery  ;  indeed,  I  do  not  see  how  otherwise  we  are  to  arrive  at  any 
reasonable  explanation  of  the  phenomena.  At  the  first  blush  it  may 
appear  hard  to  believe  that  a  great  mass  of  solid  ice  could  ever  pass 
over  the  surface  of  incoherent  deposits  of  day  and  sand.  But  the 
appearances  presented  by  these  deposits  tell  their  own  tale,  and 
teach  us,  as  we  have  been  taught  before,  that  our  preconceived 
notions  of  what  Nature's  forces  can  and  cannot  do  are  often  enough 
wide  of  the  mark.* 

It  is  needless  to  refer  one  to  the  petty  glaciers  of  the  Alps  and 
Norway  to  prove  that  glacier-ice  cannot  both  erode  its  bed  and 
accumulate  debris  upon  tliat  bed  at  one  and  the  same  time.  A 
mountain- valley  glacier  is  one  thing — a  glacier  extending  far  into 
the  low  grounds  beyond  the  mountains,  and,  it  may  be,  coalescing 
with  similar  extensive  ice-flows,  is  another  and  very  different  thing. 
No  considerable  deposit  could  possibly  gather  below  alpine  glaciers 
like  those  of  Switzerland  and  Norway ;  but  underneath  glaciers  of 
the  kind  that  invaded  the  low  grounds  of  Piedmont  and  Lombardy 
we  know  that  thick  deposits  of  tough  Boulder-clay,  crammed  ¥dth 
scratched  stones,  did  accumulate ;  and  not  only  so,  but  that  these 
glaciers  flowed  over  incoherent  deposits  of  sand  and  clay  containing 
marine  shells  of  late  Tertiary  aye,  without  entirely  obliterating  them. 

*  It  may  reasonably  be  doubted  whether  intorglucial  deposits  were  always  so  very 

loose  and  incoherent  at  the  time    they  were  overridden  by  ice.    My  brother  has 

suggested  that  when  the  ice-sheet  advanced  over  a  land-surface,  the  loose  superficial 

depositB  might  be  frozen  so  hard  as  to  be  capable  of  resisting  a  very  considerable 

rfHM  of  glacial  erosion. 
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he  deposits  referred  to  occur  now  as  little  patches  within  the  area 
>anded  by  the  great  terminal  moraines. 

As  physicists  themselves  are  not  yet  quite  agreed  upon  the 
ibject  of  glacier-motion,  it  is  not  incumbent  upon  the  geologist  to 
cplain  the  precise  mode  in  which  a  thick  mass  of  ice  can  creep 
irer  the  surface  of  incoherent  beds  without  entirely  demolishing 
lem.  It  is  enough  for  him  to  show  how  the  remarkable  distri- 
ition  of  the  interglacial  beds,  and  the  various  phenomena  presented 
f  these  deposits,  indicates  that  ice  ha$  ovei^owed  them.  It  is 
seless,  therefore,  to  tell  him  that  the  thing  is  impossible.  The 
atement  has  been  made  more  than  once  that  an  ice-sheet  several 
lousand  feet  thick  is  a  physical  impossibility,  but  unfortunately  for 
lis  dictum  the  geological  facts  have  demonstrated  that  such  massive 
e-sheets  have  really  existed,  and  there  appears  to  be  one  even  now 
rvering  up  the  Antarctic  Continent.  We  used  also  to  be  told,  not 
\  many  years  ago,  that  the  abysses  of  ocean  must  be  void  of  life 
•r  various  reasons,  amongst  which  one  was  that  the  pressure  of  the 
ater  would  be  too  great  for  any  living  thing  to  endure.  Yet  many 
slicate  organisms  have  been,  dredged  up  from  depths  at  which  the 
resBure  must  certainly  be  no  trifle.  Now  there  seems  to  be  just  as 
ttle  difficulty  in  believing  that  these  organisms  existed  in  a  perfect 
ate  at  the  bottom  of  the  ocean,  as  that  shells  imbedded  in  clay 
o«ild  remain  unbroken  underneath  the  pressure  of  a  superincum- 
mt  ice-sheet  of  equal  or  greater  weight.  If  the  ice  were  in  motion, 
le  day  with  its  included  shells  might  be  ploughed  out  bodily,  or 
>  merely  crumpled  and  contorted ;  or  it  might  be  ridden  over  with 
ttle  or  no  disturbance  ;  or,  on  the  other  hand,  it  might  become  in- 
dTed  with  subglacial  ddbria,  and  be  kneaded  up  and  rolled 
frwaid — the  shells  in  this  case  being  broken,  crushed,  emd  striated, 
i0fc  as  we  find  that  the  shells  in  certain  areas  of  Till  have  been. 
he  fate  of  the  fossiliferous  beds  would,  in  short,  be  determined  by 
te  rate  of  flow  and  degree  of  pressure  exerted  by  the  superincum- 
mt  quasi-viscous  body — ^the  motion  of  which  would  be  largely 
mtrolled  by  the  physical  features  of  the  ground  across  which  it 
ept. 

y. — Geology  of  the  Channel  Islands. 

By  J.  A.  Birds,  B.A. 

Part   L—The    Older   Bocks. 

'N  the  most  extended  view,  the  Channel  Islands  may  be  regarded 
as  fragments  and  relics  of  the  Eastern  or  European  coast  of  the 
^lantic,  reckoning  from  the  North  Cape  to  Cape  St.  Vincent,  and 
eluding  the  Western  shores  of  Scotland  and  Ireland,  and  the  pro- 
ontories  of  Pembrokeshire  and  Cornwall.  They  are  excellent 
ostrations,  says  Professor  Ansted,  "  of  those  spurs  and  tongues  of 
>rphyritic  rock,  of  which  almost  all  the  promontories  of  the 
Oantio  coast  of  Europe  consist."*  Very  small  and  insignificant 
ecks  indeed  they  seem  in  such  a  length  of  coast,  stretching  from 

^  The  Ckannel  Islands^  by  Ansted  and  Latham,  1862,  p.  247. 
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lat  37°  to  72°,  or  upwards  of  2000  miles ;  but  there  is  a  charm  in 
such  wide  horizons,  and  it  is  a  very  allowable  indulgence  so  to 
connect  the  little  with  the  great,  and  to  consider  the  position  of  such 
little  specks  in  relation  to  the  geography  of  Europe;  one  might 
almost  as  well  say,  of  the  world  at  laige.  Having  refreshed  our- 
selves, however,  with  such  a  glance  at  their  widest  geographical 
relations,  we  must  be  content  to  confine  our  view  within  a  very 
much  narrower  compass,  and  to  oonsider  these  islands  simply  as 
relics  of  a  tract,  which  once  formed  part  of  what  is  now  Normandy 
and  Brittany ;  just  as  the  Scilly  Isles  and  Lundy  Isle  are  relics  of 
an  area  which  once  was  connected  with  Cornwall  and  Devonshire— 
the  original  and  actual  basis  indeed  of  Arthur's  legendary  kingdom 
of  Lyonnesse.  This  itself  is  no  narrow  view ;  but  even  if  it  were, 
still  we  are  not  under  any  necessity — as  in  geology  one  never  is-— of 
losing  a  great  horizon  and  burying  ourselves  in  a  mass  of  details ; 
the  only  difference  is  that  we  must  change  our  point  of  view,  and 
regard  the  area  under  consideration  in  the  aspect,  not  of  space,  but 
of  time.  Viewed  in  this  way  the  series  of  rocks  become  so  many 
visible  and  tangible  links,  or  landmarks  rather — ^the  chain  being  to 
broken — leading  the  mind  back  into  an  almost  infinite  past. 

It  is  not  my  purpose,  of  course,  in  this  paper,  to  attempt  any* 
thing  like  a  complete  account,  or  even  a  reaumd,  of  the  geology 
of  these  isles ;  that  may  be  fully  gathered  from  such  articles  as  Dr. 
MacCulloch's,  and  others  in  the  Transactions,  Proceedings,  and 
Quarterly  Journal  of  the  Greological  Society  ;  from  Duncan's  "  His- 
tory of  Guernsey";  and,  above  all,  from  Prof.  Ansted  and  Dr. 
Latham's  work  on  the  "  Channel  Islands."  All  that  I  desire  to  do 
is,  to  ask  one  or  two  questions  about  points  which  seem  to  me  of 
chief  interest  and  importance,  to  bring  together  information  from 
the  above  works  and  elsewhere  upon  these  points,  and  to  add  to 
this  the  result  of  my  own  observation  during  the  latter  part  of  last 
year. 

The  first  question  is  as  to  the  age  of  the  granites,  or  rather 
syenites,  *  granitals,'  schists,  porphyries,  sandstones,  etc,  of  which 
the  islauds  consist. 

Besides  Prof.  Ansted's  conjectures  that  the  grits  and  sandstones 
of  Alderney  are  probably  of  Permian  or  Triassic  age,*  and  the  older 
conglomerate  of  Jersey  of  the  age  of  the  Cherbourg  grits*  (Bunter  or 
Lower  Trias),  I  am  not  aware  of  any  observations  having  been 
published  as  to  the  date  of  the  rocks. 

Looking  at  a  geological  map  of  the  north  of  France,  or  of 
Normandy  and  Brittany,  with  which  the  islands  stand  in  dosest 
connexion,  one  would  conjecture  d  priori  that  the  sedimentary  rocks 
at  least  were  either  Silurian  or  Devonian,  more  especially  when  we 
observe  what  is  probably  a  continuation  of  these  rocks  across  the 
Channel  in  Devonshire  and  Cornwall.'  The  only  positive  evidence 
in  favour  of  such  a  supposition,  that  I  have  seen,  is  a  small  patch  or 

1  The  Channel  Islands,  p.  269.  *  Ibid,  p.  274. 

>  See  an  article  by  the  late  Mr.  Salter  on  "  The  Pebble  Bed  at  Buddleigfa 
Salterton,"  Gbol.  Mao.  1864,  Vol.  I.  p.  5,  etc. 
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niher  one  or  two  bands  of  schistose  strata  whioh  make  their  appear- 
ance in  Booquaine  Bay,  Guernsey ;  and,  again,  the  schists  or  shales  of 
Jersey. 

In  the  former  case  the  rocks  are  of  a  bluish-grey  colour,  weather- 
ing brown,  and  have  at  first  sight  a  general  Silurian  or  Devonian 
aspect.  They  are  referred  to  by  Prof.  Ansted  in  a  note  concerning 
the  absence  of  any  deposits  in  Guernsey  more  recent  than  the  fun- 
damental syenites  and  gneiss :  ''  A  small  patch  of  clay  slate,"  he  says, 
**  in  Bocquaine  Bay  is  hardly  an  exception." 

This  so-called  patch  (where  I  examined  it)  consists  of  two  or 
three  bands  of  slate,  which  are  imbedded  in  the  midst  of  a  felspathic 
syenite,  and  dip  at  a  very  high  angle  to  the  east.  I  traced  them 
for  about  fifty  or  sixty  yards  on  the  land  side  of  the  fort  called 
Bocquaine  Castle  till  they  became  lost  under  the  sea.  Probably,  at 
low  water,  they  may  be  found  in  other  parts  of  the  bay.  The  cavities 
left  by  decomposed  felspar  have  often  a  very  deceptive  resemblance 
to  casts  of  Brachiopoda,  and  to  encrinital  remains ;  but  I  searched  in 
Tain  for  any  trace  of  fossils.  Possibly  these  may  yet  be  discovered. 
Should  this  not  be  the  case,  the  schists  will  not,  of  course,  yield 
any  evidence  of  their  age,  or  of  that  of  the  felspathic  and  hom- 
blendio  rocks  amid  which  they  lie.  In  a  mineral ogical  point  of 
view,  however,  they  would  still  be  interesting,  as  showing  a  stage 
in  the  progress  of  metamorphism,  viz.  a  passage  from  sedimentary 
schists  into  a  greenish-grey  porphyritic  rock  containing  crystals  of 
£Blq>ar  and  calcite  (?). 

Aidemey,  according  to  Ansted,*  besides  the  portion  of  sandstone 
above  referred  to,  consists  entirely  of  syenite,  with  the  exception  of 
a  single  boss  of  homblendic  porphyry,  upon  which  Fort  Touraille  is 
erected.  Ortach  and  the  Casquets,  although  few,  if  any,  geologists 
have  landed  to  examine  them,  are  believed  to  consist  of  similar 
syenite  or  porphyry  with  cappings  of  the  same  sandstone  as 
Aidemey.  It  is  said  that  the  syenite  enters  and  pierces  the  sandstone 
in  the  Casquets — a  very  important  point — but  one  which  requires 
confirmation. 

Of  Guernsey  I  can  speak  from  personal  observation.  It  is  di- 
vimble  geologically  into  two  or  three  veiy  unequal  portions  by  a 
line  drawn  N.W.  from  some  quarries  just  above  St.  John's  Church, 
in  the  town  of  St.*  Peter,  to  some  other  quarries  below  Capelles 
School;  and  thence  again  S.W.  to  a  quarry  on  the  right  or  north 
side  of  the  Cobo  Road,  close  to  Cobo  Bay.  About  three-quarters,  or 
rather  four-fifths,  of  the  island  south  of  this  line  consists  of  a  very 
felspathio  syenite  and  gneiss,  and  the  remaining  quarter  or  fifth  of  a 
homblendic  '  granital ' — a  compound  of  quartz  and  hornblende.  A 
third  division  consists  of  a  syenite  often  charged  with  specks  and 
flakes  of  mica.  This  micaceous  syenite  may  be  traced  along  the 
coast  from  near  the  centre  of  Cobo  Bay  and  Grandes  Rocques  almost 
to  Fort  Doyle,  at  the  north-eastern  extremity  of  the  island.  In 
the  centre  of  Grand  Havre,  however,  and  on  Mont  Cuet — between 
Grand  Havre  and  Lancresse  Bay — and  perhaps  at  some  other  points 

^  The  ChanDel  Islands,  p.  268. 
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along  the  shore,  the  syenite  is  interrapted  bj  veins  of  the  hom- 
blendio  granital.  It  does  not  extend  far  inland,  bat  is  soon  r^laoed 
by  the  mass  of  homblendic  granital  constitating  the  north  of  the 
iide. 

Of  the  felspathic  portion  of  Qnemsey  I  have  nothing  to  remark, 
more  than  that  it  furnishes  magnifioent  crystals  of  felspar,  especially 
in  Moulin  Huet  and  Petit  Bot  Bays,  surpassing  in  size  and  brilliancy 
of  colour  any  in  the  porphyritic  granites  of  Cornwall,  or  Shap  Fell, 
Cumberland.  The  cliffs  are  frequently  intersected  by  Teins  of 
greenstone  and  felstone  running  both  parallel  with,  and  at  right 
angles  to  the  apparent  bedding  or  jointing  of  the  syenite.  The 
homblendic  portion  of  the  island  also  occasionally  {e.g,  at  St. 
Sampson's)  affords  splendid  crystals  of  black  hornblende,  finer 
indeed  than  any  I  have  ever  seen  in  £ngland  or  Scotland.  The 
principal  veins  in  this  portion  are  of  felstone,  serpentine  steatite, 
and  epidote,  of  which  last  I  found  some  rather  pretty  crystals  im- 
bedded in  quartz.  Chlorite  frequently  occurs  in  the  form  of  coatings 
and  stains. 

The  principal  axis  of  elevation  of  the  whole  area  of  the  islands  is 
said  by  Prof.  Ansted  to  run  W.N.W.  and  E.S.E.,  and  is  regarded  by 
him  as  a  continuation  of  the  great  east  and  west  elevations  affecting 
the  Continent  of  Europe,  which  are  best  illustrated  in  the  range  of 
the  Alps  and  Pyrenees.^ 

The  little  island  of  Sark  consists  of  syenite,  with  similar  veins,  as 
in  Ouemsey,  of  greenstone,  felstone,  serpentine,  steatite,  etc.,  and  of 
homblendic  rocks,  along  with  porphyry  and  trap.  The  hornblende 
is  said  to  occupy  the  extreme  ends,  and  to  form  a  belt  across  the  centre 
of  the  island,  while  the  felspathic  syenite  fills  up  the  intervals.  The 
axis  of  elevation  here,  and  also  in  the  little  islands  of  Herm  and 
Jethou,  between  Sark  and  Ouemsey,  is  nearly  at  right  angles  to 
the  axis  of  the  latter,  or  N.N.E.  and  S.S.W.,  and  oorresponds,  says 
Ansted,  rather  with  recent  elevations  and  depressions  than  with  the 
original  upheaval.' 

I  was  not  fortunate  enough  to  find  any,  or  at  least  good  specimens 
of  the  minerals  with  which  Sark  is  said  to  abound.  The  old  mine- 
heaps  appear  to  have  been  thoroughly  ransacked,  and  the  shores  are 
inaccessible  except  at  a  few  points ;  only  on  the  Jbeach  at  Epercherie 
— the  original  landing-place — I  picked  up  specimens  of  fine  black 
homblendic  porphyry  containing  well-defined  crystals  of  felspar, 
and  a  few  pebbles  of  agate  and  jasper,  generally  much  decayed,  as 
well  as  some  of  serpentine,  and  a  green  mineral,  which  I  take  to  he 
actinolite.  The  vein  of  kaolin,  stained  purple  and  pink,  crossing 
the  north  side  of  the  Coupee,  is  very  conspicuous.  Dr.  MacCulloch, 
in  his  map  of  the  island,  indicates  three  other  veins,^  1,  of  quartz, 
chalcedony,  jasper,  and  agate;  2,  talcose  schist  with  steatite;  3, 
chlorite  with  pyrites ;  crossing  the  Coupoe  parallel  with  the  kaolin. 
None  of  these  are  visible  from  above,  one  side  being  covered  with 
detritus,  and  the  other  plunging  down  perpendicularly  into  the  sea. 

*  Ansted  and  Latham's  Channel  Islands,  pp.  256,  260. 
»  Ibid,  p.  263. 
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Tbe  shores  of  Sark  are  generally  more  or  less  inaooessible ;  and  the 
only  way  to  explore  the  island  properly  would  be  from  a  boat 

Of  Jersey  Prof.  Ansted  has  given  die  following  section,  whioh  I 
take  the  liberty  of  copying  from  his  and  Dr.  Latham's  work.^ 

Gbolooical  bbction  acbobs  Jb&sbt  psom  East  to  Wbst. 


d 


d 


h  9  i  fg 


East. 


Length  of  section  11  miles. 

fl.  V\nsk  syemte.  h.  Rotten  syenite,  t,  Qnaitzite.  d.  Indurated  sliale.  9.  Shale. 
f,  Honutone  schist,  g.  Old  conglomerate.  A.  Newer  conglomerate,  t,  6and- 
lAoiie.    h,  Baised  beach.    l»  Pebble  beach,    m.  Bbwn  sand. 

The  qrenite,  indeed,  forms  the  bswis  of  all  the  other  rocks.  It  does 
not,  however,  as  might  be  supposed  from  the  section,  protrude  at 
three  distinct  points,  the  intermediate  spaces  being  covered  with 
•haley  but  rather  appears  as  three  separate  masses,  in  the  north-west, 

ith-weet^  and  south-east  of  the  island.  The  first  and  largest  of 
may  be  followed  continuously  along  the  coast  from  L'£tao, 
itmnd  by  Grosnez  and  Plemont  Points  to  Point  Sorel,  and  the 
quarrieB  north  of  St.  John's  Church ;  it  is  traceable  inland  by  the 
qaaniea  of  Mont  Made,  and  a  little  south  of  the  Wesleyan  C&apel 
ealled  Les  Fr^res,  to  the  head  of  St  Mary's  Valley,  near  the  fifth 
mOestooe,  and  thence  almost  in  a  direct  line  to  L'Etac.  The  second 
wmam  oooapies  nearly  the  whole  of  the  parish  of  St.  Brelade,  and 
forms  the  coast-line  from  La  Carri^re  opposite  La  Bocca  Tower,  in 
fit.  Oaen's  Bay,  to  the  Corbi^res  rocks ;  and  thence  to  a  point  a 
little  below  Noirmont  Manor  House.  The  boundary  of  this  mass 
inlaitd  is  generally  covered  on  the  west  by  blown  sand,  but  it 
tppears  again  between  Tabor  Chapel  and  St  Aubin's  in  the  shape  of 
a  fpnanital  of  quartz  and  felspar,  very  subject  to  decomposition,  in 
wluoh  state  it  forms  a  fine  china-clay.  Quarries  have  been  opened 
bevQ,  and  the  clay  is  exported  to  England.  From  this  point  the 
boundary  may  be  traced  S.£.  to  the  shore  again  under  Noirmont 
»r.  The  third  and  last  mass  of  the  syenite  forms  the  S.E. 
of  the  island,  and  may  be  followed  along  the  coast  from  Fort 
Bqgeot  at  St  Heiier's  to  La  Bocque  Point  It  is  interrupted  at  two 
pointSy  viz.  at  La  Collette  under  Fort  Begent,  and  in  the  headland 
af  SemeraB,  by  veins  of  homblendic  granital.  Between  La  Bocque 
Point  and  Mont  Orgueil  Castle  the  rocks  are  covered  by  the  sands 
of  Ghooville  Bay ;  but  the  syenite,  which  here  passes  into  a  granital 
(quarts  and  felspar),  may  be  traced  inland  by  Gk>rey  Church,  and 

i  Ilia  Channel  Islands,  p.  270.  Geological  maps  of  the  islands  there  are  none, 
aft  Inat  I  hare  teen  none,  except  tiie  sketch-maps  appended  to  Dr.  MacCulloch's 
**  Aeeouiit  of  Ooenisej  and  the  other  Channel  Islands"  in  the  first  volume  of  the 
GMlogicsl  Society's  Transactions.  The  Ordnance  maps  of  Guernsey  and  Jersey  are 
oa  a  scale  of  six  inches  to  the  mile,  and  somewhat  expensive ;  hut  yery  good  and 
cbfcap  pocket  maps  may  be  had  of  Guernsey,  of  Messrs.  Staddon  and  Gri^^,  ^^^\i 
St.  Piter  Port;  and  of  Jersey,  at  any  of  the  stationers  there. 
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along  the  upper  road  to  Groaville,  to  Ihe  windmill  above  the  villf^ 
and  thenoe  to  the  neighbourhood  of  Sion  House  (where  it  is  very 
much  decomposed) — and  last  to  the  quarry  east  of  Victoria  College, 
and  the  rocks  underneath  the  College  itself.  Between  these  three 
great  masses  of  syenite  there  lies  upon  the  west  a  thick  formation  of 
shale  or  schist  (e),  which  extends  without  interruption  firom  St 
Ouen's  Bay  to  the  western  or  lower  branch  of  the  Val  des  Vaux,  dose 
to  St.  Helier's.  At  this  point  it  is  broken  by  an  outburst  of  Tolcanic 
rocks,  which  have  altered  it  into  a  claystone  porphyry,  but  it 
appears  again  in  an  unaltered  form  a  little  north  of  Sion  House,  and 
between  Le  Bourg  and  Petit  Catillon,  north  of  Grouville  ChunA. 
The  general  character  of  the  rocks  is  that  of  a  bluish-grey  argiUaceons 
schist,  with  bands  of  hard  grit  Sometimes  (as  near  St.  Helic^r's)  it 
is  a  brown,  sandy,  finely -laminated  shale.  Occasionally  I  observed  it 
take  a  cherty  character,  as,  e,g.,  near  St.  Aubin's,  on  the  right  of  the 
main  road  to  St.  Brelade's. 

The  north-eastern  portion  of  the  island  is  occupied  by  a  formation 
(/  and  g  of  Prof.  Ansted's  section),  variously  composed  of  por- 
phyries, homstone-schist,  altered  sandstone,  quartzite  and  quarteoee 
conglomerate,  which  extends  in  a  wide  belt  or  broken  arc  from 
Fremont  Point,  above  Bonnenuit  Bay,  and  L'Etaquerel,  in  Bonley 
Bay,  southward  to  within  about  a  mile  and  a  half  of  St.  Helier's; 
and  thence  eastward  by  the  Grand  Val  Mill,  in  the  Val  des  Yaox, 
till  it  appears  upon  the  coast  again  between  Anne  Port  and  St 
Catherine's  Tower,  in  St  Catherine's  Bay.  The  points  where  it  may 
be  best  examined  are  the  quarries  at  La  Crete  Point  in  the  latter 
bay,  in  a  quarry  a  little  north  of  Grand  Val  Mill,  on  the  road  from 
the  latter  to  La  Boucterie,  in  Blanche  Pierre  Quarry,  in  the  lower  or 
western  branch  of  the  Val  des  Vaux,  in  Bonnenuit  Bay,  and  in  the 
quarries  on  the  Jardin  d'Olivet  above  Bouley  Bay.  The  quartzite 
and  quartzose  conglomerate  are  extensively  quarried  all  along  the 
cliffs  between  these  two  bays. 

Resting  upon  this  formation  (/  and  g),  and  occupying  the  whole 
of  the  extreme  north-eastern  comer  of  the  island,  from  a  little 
south  of  St  Catherine's  Tower,  in  St.  Catherine's  Bay,  to  between 
L'Etaquerel  and  La  Tour  in  Bouley  Bay,  lies  a  newer  arglUaceoas 
breccia  or  conglomerate  (/i),  composed  mainly  of  chloritio  slate  and 
ferruginous  sandstone,  but  with  blocks  of  syenite,  granital,  quartz, 
and  many  other  kinds  of  rock  scattered  throughout  the  mass.  The 
boundary  of  the  deposit  inland  may  be  traced  from  a  little  west  of 
Carmel  Chapel,  on  the  road  between  the  Jardin  d'Olivet  and  Bozel, 
and  near  the  lodge  of  Bozel  Manor,  and  thence  to  a  point  about 
half-way  between  St.  Martin's  Church  and  St  Catherine's  Bay, 
where  it  may  be  seen  resting  upon  the  altered  sandstone  (/).  The 
finest  sections,  however,  are  those  of  the  quarries  at  Verelut  Point 
Both  there,  and  all  along  the  coast  to  Rozel — but  particularly  in 
Port  Saie —  there  are  ample  opportunities  for  its  examination. 

On  the  left  of  the  road  descending  to  Bouley  Bay,  and  also,  accord- 
ing to  Mr.  Ansted,  at  the  back  of  St  Catherine's  Bay,  there  are  two 
jBmalJ  patches  of  a  still  newer  formation,  consisting  of  a  fine-graiued 
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red  sandstone  with  clayey  and  ferrnginoas  bands.  In  Bonley  Bay 
this  sandstone  rests  unoonformably,  and  almost  horizontally,  upon 
nearly  vertical  strata  of  the  older  sandstone  or  homstone  (/).  Prof. 
Ansted  beUeves  this  latest  sandstone  to  be  ''  quite  modem/'  and  to 
have  been  "deposited  before"  {^shortly  before),  "or  during  the  last 
great  elevation." '  He  does  not,  however,  assign  any  reasons  for  his 
belief. 

The  age,  indeed,  of  all  these  rocks  is  as  yet  a  mystery.  Not  a 
trace  of  fossils  has  been  discovered  either  in  the  schist  (e),  or  in  the 
sandstone  portions  of  (/ ),  or  in  the  later  sandstone  (t) ;  only  among 
the  x>ebbles  on  the  beach  at  Bouley  Bay  I  found  many  containing 
what  certainly  look  like  the  remains  of  corals  and  portions  of  shells. 
These  have  probably  been  derived  from  the  newer  conglomerate  (h); 
and  if  their  organic  character  were  determined,  it  might  throw  some 
light  on  the  age  of  the  conglomerate.  As  yet,  however,  one  cannot 
even  say  whether  the  syenites  are  older  or  younger  than  the  schist 
(e)f  it  not  being  known  whether  they  ever  enter  and  pierce  the  latter, 
as  in  Cornwall  the  granites  do  the  Devonian  and  Carboniferous  rocks, 
and  are  thereby  proved  to  be  younger  than  them.  The  direction  of 
the  principal  joints,  nearly  N.  and  S.,  is  the  same  as  that  of  the 
granites  in  Cornwall,  but,  this  being  due  to  later  causes,  proves 
nothing,  of  oourse,  as  to  the  age  of  the  original  formation  of  the  rocks. 

It  is  easy  enough  to  invent  theories  as  to  the  age  and  history  of 
the  various  formations;  and,  in  the  absence  of  further  evidence, 
this  is  about  all  that  can  be  done.  Dr.  MacCulloch,  in  1811,  de- 
■oribed  the  schist  as  grauwacke,'  t.e.  of  Pre-Carboniferous  age,  and  we 
maj  perhaps  pretty  safely  assume  that  it  is  of  some  Lower  Silurian 
period,  coeval  with  the  Silurian  rocks  of  Normandy  and  Brittany. 
(Llandeilo,  Caradoc,  or  Lower  Llandovery). 

Of  the  sandstone,  and  its  accompanying  felstone  and  cherty 
porphyries,  and  conglomerate  (/  and  g),  there  is  almost  as  little 
eridenoe  as  to  age.  From  their  general  appearance  one  might 
imag^e  them  to  be  of  Old  Bed  Sandstone  equally  as  well  as  of 
FSermian  or  Triassic  age.  Only  at  one  point,  just  above  Le  Bourg, 
did  I  discover  the  shale  (e)  and  the  felstone  porphyry  (/)  in 
contact,  and  here  it  seemed  to  me  that  the  shale  actually  overlay 
Ihe  porphyry.  Of  course  this  might  have  been  due  to  a  fault  or 
inversion  of  the  strata.  But  I  can  hardly  think  so  in  this  case. 
Oui  the  porphyries  have  been  eruptive  and  pierced  into  the  shale  ? 

From  the  section  it  does  not  appear  whether  the  shale  is  older  or 
yoonger  than  the  sandstones  and  porphyries.  Prof.  Ansted  oon- 
jeetnres,  however,  from  the  similarity  of  dip,  that  the  newer  Jersey 
conglomerate  (A)  and  the  Aldemey  sandstone  may  be  of  the  same 
age ;  and,  if  so,  that  the  older  conglomerate  (g)  may  perhaps  belong 
to  the  Cherbourg  grits  (Bunter  or  Lower  Trias).  In  this  case  the 
underlying  porphyries  and  semdstones  (/)  might  be  somewhat  older, 
or  intermediate  between  the  schist  (e)  and  the  conglomerate  {g)» 

I  The  Gbamiel  Islands,  p.  275. 

*  Aeoount  of  the  Geology  of  Guernsey  and  the  other  Channel  Islands,  GeoL 
TiSBS.  1st  series,  toI.  i.  Ist  paper. 
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This  is  about  all  that  conjectare  at  present  can  arriTe  at  There 
would  seem  indeed  to  be  little  hope  of  determining  the  question  as 
to  the  age  of  the  rocks  from  a  study  of  the  island  alone,  or  of  all 
the  Channel  Islands  together  by  diemselves.  It  can  only  be  by 
comparison  of  their  geology  with  that  of  the  neighbouring  parts  of 
the  Continent — of  Normandy  and  Brittany — that  we  can  expect  a 
solution  of  the  problem. 

In  addition  to  the  syenites,  and  the  sedimentary  and  porphyritic 
rocks  above  described,  there  is  a  very  important  accumulation  of 
volcanic  rocks  (trap,  porphyry,  and  amygdaloid),  in  the  immediate 
neighbourhood  of  St  Helier's,  and  which  does  not  seem  to  have 
been  noticed  either  by  Dr.  MacCulloch  or  Prof.  Ansted.  Com- 
mencing at  Gallows  Hill,  on  the  west  of  the  town,  the  series  may 
be  traced  for  about  two  miles  northward,  across  both  branches  of 
the  Yal  des  Vaux,  to  near  the  Grand  Val  Mill.  It  occurs  agam 
between  the  two  houses  called  the  Hermitage  and  Bagatelle, 
in  the  quarry  east  of  Victoria  College,  and  at  the  foot  of  St.  Saviour's 
Hill.  It  may  be  well  seen  in  the  quarries  at  the  bottom  of  Gallows 
Hill,  and  on  the  road  up  the  western  branch  of  the  Yal  des  Yanx, 
where  the  focus  of  the  eruption  seems  to  have  been.  There  is 
nothing  to  indicate  the  age  of  these  rooks  except  the  alteration  of 
the  shale  (e)  in  their  neighbourhood  (as,  e.g.,  on  the  Trinity  Bead, 
and  other  places)  into  a  clay  stone  porphyry,  proving  them  to  be 
more  recent  than  it.  The  mention  of  this  altered  rook  leads  to 
another  and  final  question ;  namely,  what  is  the  cause  of  metamor- 
phism in  the  various  rocks  of  Jersey  ?  It  is  not  the  syenite :  for 
at,  or  close  to,  its  junction  with  the  shale  ^as,  e.g.,  on  the  aSoent  by 
the  path  from  St  Aubiu*s  into  the  St  Breiade's  Road),  the  latter  iB 
quite  unaffected. 

The  volcanic  rocks  may  account  for  the  alteration  of  the  shale  («) 
into  claystone-porphyry ;  but  they  do  not  account  for  the  felstone 
and  homstone-porphyries  (/),  which  exhibit  the  same  character, 
both  in  the  immediate  neighbourhood  of  the  trap  {e.g.  in  the  quatry 
N.  of  Grand  Yal  Mill),  and  miles  away  from  it  {e.g,  at  La  Crete 
Point  in  Blanche  Pierre  Quarry  and  in  Bonnenuit  Bay).  These 
would  seem  to  be  porphyries  belonging  properly  to  the  sandstone 
series  (/),  but  whether  contemporaueous  or  intrusive  I  am  unable 
to  say.  Here  again  the  study  of  the  geology  of  Normandy  and 
Brittany  is  essential  to  the  understanding  of  that  of  Jersey  and  the 
other  Channel  Islands. 


nsroTiCES     o:f    isJiEisJioiierS. 


On  the  Metamorphism  of  the  Books  of  the  Chakksl  Isiandr. 
By  Prof.  LiVEiNG,  etc.,  etc. 

A  PAPER  was  recently  communicated  to  the  Cambridge  Philo- 
sophical Society  (Oct.  29th,  1877)  by  Prof.  Liveing,  in  which 
the  author  traced  the  connexion  of  the  rocks  in  Guernsey,  aod 
pointed  out  the  extreme  variations  in  the  amount  of  change  these 
rocks  and  some  of  those  in  the  other  islands  had  undergone,  from 
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well  stratified  gneiss  to  highly  orystalline  syenite.  He  attributed 
the  coaraelj  crystalline  structure  of  these  and  other  granitic  rocks  to 
long-oontinued  variations  either  of  temperature  or  of  the  action  of 
some  partial  decomposition,  such  as  steam  or  other  gases  may  be 
suppoaed  to  e£fect,  rather  than  to  fusion ;  and  he  pointed  out  that 
there  were  granitic  yeins  in  the  islands  which  appeared  to  have 
originated  like  orduiary  quartz- veins,  while  others  were  intrusive, 
and  oonolnded  that  the  granitic  structure  was  a  result  of  metamor- 
phosia,  and  that  the  proof  of  the  igneous  origin  of  a  granitic  rock 
must  be  determined  by  considerations  independent  of  its  crystalline 
character. 

GxoLOOiOAL    Society    of    London. — December    19th,    1877. — 
Prof.  P.  Martin  Duncan,  M.B.,  F.R.S.,  President,  in  the  Chair. 
The  following  communications  were  read : — 

1.  *'  On  Argillomia  longipennia,  Owen,  a  large  bird  of  flight,  from 
the  Eocene  Clay  of  Sheppey."  By  Prof.  Owen,  C.B.,  F.R.S., 
F.O.S.,  etc 

In  this  paper  the  author  described  some  remains  of  a  large  bird 
obtained  by  Mr.  W.  H.  Shrubsole  from  the  London  Clay  of  Sheppey, 
consisting  of  parts  of  fractured  humeri  belonging  to  the  right  and 
lefit  sides  of  the  same  species  or  perhaps  individual,  and  including 
the  head  of  the  bone,  with  portions  of  tiie  upper  and  lower  parts  of 
the  shafU  The  texture  of  the  shaft,  the  thinness  of  its  bony  wall, 
and  the  large  size  of  the  cavity  recall  the  characters  of  the  wing- 
bonee  of  the  large  Cretaceous  Pterodactyles.  The  author  indicated 
the  characters  which  led  him  to  regard  the  remains  under  considera- 
tion as  those  of  a  volant  bird,  most  nearly  approaching  the  genera 
PeUcqnuB  and  Diomedea;  and  as  the  evidence  derived  from  the 
crsninm  of  Dasomis  would  indicate  a  bird  too  large  to  be  upborne 
fay  wing^  to  which  these  bones  might  have  belonged,  whilst  the 
■kali  of  Odantopteryx  is  far  too  small  to  have  formed  part  of  a  bird 
with  wings  as  large  as  those  of  the  Albatross,  and  Lithomia  and 
P^dargomis  are  excluded  by  the  characters  of  their  remains,  the 
aothor  concluded  that«the  bones  obtained  by  Mr.  Shrubsole  fur- 
nished indications  of  a  new  genus  and  species  of  flying  birds,  for 
whidi  he  proposed  the  name  of  Argillomia  longipennia.  He  regarded 
it  as  probably  a  longwinged  natatorial  bird,  most  nearly  related  to 
Diomedea,  but  considerably  exceeding  the  Albatross  (2>.  exulana)  in 
sixe.  The  author  remarked  that  the  generic  name  Megalomis,  pro- 
posed by  Prof.  Seeley  for  the  Lithomia  emuianua,  Bowerb.,  had  been 
preooonpied  by  the  late  Mr.  Q.  R.  Gray. 

2.  "Contributions  to  the  History  of  the  Deer  of  the  European 
Miocene  and  Pliocene  Strata."  By  Prof.  W.  Boyd  Dawkins,  M.A., 
F.B.S.,  F.G.S* 

The  author  commenced  by  referring  to  the  difficulties  attending 
the  study  of  the  European  Miocene  and  Pliocene  Deer,  and  indicated 
that  the  minority  of  the  known  antlers  may  be  referred  to  t^o  caXa- 
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gories — an  earlier  or  Capreoline,  and  a  later  or  Axidine  type.  To 
the  Gapbeoli  he  referred  the  following  species : — Dieroeeros  elegans 
Lart  {=zProx  fureattis,  Hemel),  Cervus  dieranoeeros,  Kaup  (in- 
cluding C,  anoceros  and  trigonoceros,  Eaup),  and  Cervus  MaiheroiU$, 
Gery.  (=(7.  Bravardi),  from  the  Miocene,  and  Cervus  australU^ 
Gerv.,  and  C.  cusanuSf  Croizet  &  Jobert,  from  the  Pliocene.  To  the 
AxEiDES  belong  Cervus  Ferrieri,  Or.  &  Job.  (including  C  issiodorensis 
and  pardinensisy  of  the  same  authors),  0.  etneriarum^  Cr.  ie  Job. 
(=C.  rtisoideSy  Pom.,  and  C.  peroUensis  and  stylodus,  Brav.),  (7. 
suttanensis,  sp.  n.,  and  C.  qfUndroceros,  Brav.  (including  C.  grueilis, 
Brav.)..  all  from  Pliocene  deposits.  Besides  these,  the  author  noticed 
a  species  incerta  sedis  under  the  name  of  Cervus  tetraeeros,  Dawkins, 
which  he  regards  as  coming  nearest  to  the  Yirginiem  Deer,  or  Garia- 
cou  (Cariacus  virginianus).  From  the  examination  of  the  antlers  of 
these  species  he  indicates  that  in  the  Middle  Miocene  age  the  cervine 
antler  consisted  of  a  simply  forked  crown,  whilst  in  the  Upper 
Miocene  it  becomes  more  complex,  although  still  small  and  erect, 
like  that  of  the  Hoe  Deer.  In  the  Pliocene  it  becomes  larger  and 
more  complex,  some  forms,  such  as  the  Cervus  dicranios,  Nesti, 
being  the  most  complicated  of  known  antlers.  The  successive  changes 
are  analogous  to  those  observed  in  the  development  of  the  antlers  of 
the  living  Deer  with  increase  of  age.  In  the  Miocene  we  have  the 
zero  of  antler-development,  and  the  Capreoline  type  is  older  than 
any  other,  llie  nearest  living  analogue  of  the  Miocene  Deer  is, 
according  to  the  author,  the  Muntjak  {Styloeeros),  now  found  only 
in  the  oriental  region  of  Asia,  along  with  the  Tapir,  which  also  co- 
existed with  Cervus  dicranoceros  in  the  Miocene  forests  of  Germany. 
The  Pliocene  Deer,  again,  are  generally  most  nearly  allied  to  the 
oriental  Axis  and  Rusa  Deer,  the  only  exception  being  Cervut 
cusanus,  the  antlers  of  which  resemble  those  of  the  Boe,  an  animal 
widely  spread  over  Europe,  and  Northern  and  Central  Asia.  The 
alliance  of  these  Pliocene  Deer  with  those  now  living  in  the  Indian 
region  is  regarded  by  the  author  as  a  further  proof  of  the  warm 
climate  of  Europe  in  Miocene  times,  confirmatory  of  the  conclusions 
arrived  at  by  Saporta  from  the  study  of  the  vegetation. 

3.  "  On  the  Occurrence  of  Branchipus  (or  ChirocephaJus)  in  a  fossil 
state,  associated  with  ArchceoniscuSf  and  with  fiumerous  Insect-remaius 
in  the  Eocene  Freshwater  Limestone  of  Gurnet  Bay,  Isle  of  Wight." 
By  Henry  Woodward,  Esq.,  F.R.S.,  F.G.S. 

The  remains  of  Crustacea  and  Insects  noticed  in  this  paper  were 
obtained  by  Mr.  E.  J.  A'Court  Smith  from  a  thin  bed  of  limestone 
belonging  to  the  Osborne  or  St.  Helen's  series  at  Thomess  and 
Gurnet  Bay  in  the  Isle  of  Wight.  The  collection  is  the  result  of 
about  twenty  years'  work.  The  insect-remains  comprise  about  fifty 
specimens  of  Diptera,  including  wings  of  Tipulidae  and  CulicidsB, 
and  the  pupa  apparently  of  a  Gnat,  one  wing  of  a  Hemipterous 
insect,  and  a  flattened  Homopterous  insect  identified  by  Mr.  F. 
Smith  with  Trieephora  sanguinolenta ;  two  specimens  referred  to  the 
Lepidopterous  genus  Lithosia ;  only  three  Orthoptera.  one  a  GrylUh 
talpa,  tiie  other  two  belonging  to  a  Grasshopper;  thirty -five  Hymen- 
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opterotus  wings,  Ihirty-tliree  of  which  are  referred  to  Ants  of  the 
genera  Myrmica,  Formica,  and  Camponotus ;  twenty -three  examples 
of  Neareptera  referred  to  Termes,  Ferla,  Libelltda,  Agrton,  Fhry' 
ganeOj  and  Hemerobius ;  and  twelve  of  Coleoptera,  including  species 
of  Hydrophilus,  Dytiscua,  Curcidio,  Anobium,  DorcuSy  and  Staphy' 
Unu8.  There  were  also  two  Spiders.  Several  species  of  bivalved 
Entomostraca  have  also  been  obtained  from  these  deposits,  and 
identified  by  Prof.  Rupert  Jones.  Of  the  Branchipod  Crustacean 
both  sexes  are  fossilized  and  beautifully  preserved,  the  males  show- 
ing their  large  clasping  antennae,  and  the  females  their  egg-pouches, 
with  large  and  very  distinct  disk-like  bodies  representing  the  com- 
pressed eggs.  Dr.  F.  Goldenberg  notices  a  fossil  from  the  Coal- 
measnres  of  Saarbriick  which  he  regards  as  a  Branchipod,  and  describes 
and  figures  under  the  name  of  Branchipusites  (recti  Branchipoditen) 
anihradnw  ;  but  this  interpretation  of  it  is  at  least  doubtful.  The 
author  names  his  species  Branchtpodites  vectensis.  The  Isopods 
accompanying  this  species  are  referred  to  the  genus  ArchoBonisctu, 
M.-Edw.,  and  one  of  them  is  identified  with  the  PaloBoniscm  Brong- 
niarti  of  Milne-Edwards.  The  other  is  probably  a  new  species, 
perhaps  nearly  allied  to  the  existing  Sphceroma  serratum. 

4.  "The  Chronological  Value  of  the  Pleistocene  Deposits  of 
Devon."  By  W.  A.  E.  Ussher,  Esq.,  F.G.S.,  of  H.M.  Geological 
Sarvey. 

In  this  paper  the  author  endeavoured  to  work  out  the  sequence  of 
events  indicated  by  the  Pleistocene  deposits  of  Devonshire.  He 
believed  that  during  late  Tertiary  times  subsidence  extended  to  the 
south-western  counties,  and  to  this  he  ascribed  with  some  doubt  the 
accumulation  of  a  patch  of  gravel  on  the  north  summit  of  the  Black 
Downs  and  of  part  of  the  old  bone-breccia  of  Kent's  Cavern.  In 
the  Glacial  period,  with  the  increase  of  cold,  snow  accumulated  on 
the  high  lands,  with  formation  of  glaciers,  which  descended  and  united 
to  form  a  great  ice-field,  planing  the  surface  of  a  district  composed 
chiefly  of  Cretaceous  and  probably  Tertiary  strata.  To  this  period 
the  author  ascribed  the  formation  of  the  clay  with  unworn  fragments 
of  flint  and  chert,  and  doubtfully  part  of  the  clays  of  the  Bovey 
Valley,  the  clay  of  Petrockstow,  and  part  of  the  bone-breccia  and 
the  crystalline  stalagmite  of  Kent's  Cavern.  The  Postglacial  pheno- 
mena he  referred  to  three  subperiods,  in  the  first  of  which,  during  a 
gradual  amelioration  of  the  climate  and  disappearance  of  the  ice, 
large  quantities  of  surface-water  were  set  free,  redistributing  and 
removing  Tertiary  outliers,  partiaDy  destroying  the  old  ice-beds,  and 
moraine  rubbish,  and  sweeping  Secondary  deposits  from  Palaeozoic 
districts.  The  deposits  then  formed  were  supposed  to  be  the  old 
gravel  patches  of  Colford  and  Orleigh  Court,  the  waterworn  materials 
on  the  Blackdowns  and  Haldon,  the  sands  flanking  the  Bovey  Valley, 
and,  with  doubt,  the  redistributed  Triassic  pebble-beds  of  Straight- 
way Hill,  and  part  of  the  cave-earth  of  Kent's  Cavern.  The  next 
gabperiod  he  regarded  as  one  of  great  fluviatile  action,  the  land  being 
higher  than  at  present,  though  sinking,  and  the  meteorological  con- 
ditions Buoh  as  to  greatly  increase  the  volume  of  the  iv?ei^.    ^^^ 
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subsidence  having  continued  to  the  level  of  the  pregent  raised  beaches, 
reelevation  took  place,  producing  greater  cold  and  more  extreme 
seasons,  and  culminating  in  the  production  of  continental  conditions, 
permitting  the  southward  migration  of  a  temperate  fauna,  and  the 
advent  of  one  requiring  greater  cold.  During  this  period  the  gravels 
connected  with  the  formation  of  the  present  valley  system,  the  raised 
beaches,  and  the  <<  Head  "  were  produced,  and,  doubtfully,  part  of  the 
cave-earth  and  the  granular  stalagmite  of  Eent*s  Cavern,  and  the  day 
of  Petrockstow  and  HoundswelL  In  the  last  subperiod  the  author 
considered  that  a  subsidence  took  place  during  which  most  of  the 
valleys  were  excavated  to  their  present  depth,  and  forest  growth  took 
place  upon  the  old  marine  plain ;  the  forests  were  then  gradually  cir- 
cumscribed by  the  encroaching  sea  and  diminishing  rainfall,  which 
also  led  to  changes  in  the  streams,  and  finally  the  sea  entombed  the 
forests  and  swamps  on  the  coasts,  and  produced  the  present  diff-line. 
The  results  of  this  period  are  the  submarine  forests,  most  of  the 
river- valley  gravels,  and  alluvial  tracts  bordering  the  present  river- 
courses. 


THE  COEAL  RAG  OF  UPWARE. 

Sib, — In  the  October  Number  of  the  Gbolooical  Maoazihk 
Professor  Bonney  points  out  certain  facts  observed  originally  by  Mr. 
Henry  Keeping — but  subsequently  confirmed  by  himself — which  are, 
ho  considei-s,  incompatible  with  "  the  presumed  section"  near  Upware 
given  in  our  paper  "  On  the  Corallian  Bocks  of  England,"  Quart 
Jonrn.  Geol.  Soc.,  vol.  xxxiii.  p.  316. 

Our  object  in  attempting  the  section  referred  to  was  to  show  how 
the  palaeontologically  higher  beds  of  the  south  pit  could  overlie  those 
of  the  north  pit — though  they  dip  towards  them  ;  and  that  they  may 
do  so,  unless  we  call  in  the  aid  of  a  fault,  the  existence  of  a  synclinal 
is  the  most  natural  supposition.  Beyond  this,  the  stratigraphy  was 
irrelevant  to  our  paper — and  we  readily  admit  that  the  unconformity 
between  the  Corallian  rocks  and  the  newer  strata  might  have  been 
more  clearly  shown.  We  would  merely  remark  that  Mr.  Eeeping^s 
section,  being  at  right  angles  to  ours,  can  throw  no  light  on  its 
correctness. 

The  true  reading  of  the  sequence  of  the  Corallian  rocks — ^which, 
as  indicated  in  column  ix.  of  our  table  of  comparative  sections,  is 
not  seen — rests  entirely  on  palseontological  evidence,  and  this, 
though  he  admits  that  we  may  be  right  **  in  assigning  to  the  rock  of 
the  northern  pit  a  lower  horizon  than  that  of  the  southern,"  Pro- 
fessor Bonney  considers  not  to  be  strong.  Here  then  is  the  only  point 
really  at  issue  between  us.  We  can  only  say  that  the  two  urchins 
which  by  their  abundance  characterize  the  northern  pit,  ai*e  "  species 
usually  indicative  of  a  low  position  "  (see  our  memoir,  p.  367),  and 
their  occurrence  on  or  above  the  horizon  of  a  Rag  fauna  would  be 
another  of  those  surprises  with  which  we  will  admit  the  Corallian 
series  abounds. 
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The  second  portion  of  Prof.  Bonne3r'8  paper  relates  to  anoliher 
matter ;  and  here  let  us  at  once  express  our  regret  that  any  phrase- 
ology of  ours  should  even  seem  to  imply  that  the  Ooral  Rag  of 
Upware  had  been  "  imperfectly  "  treated  in  his  **  Q-eology  of  Cam- 
bridgeshire." Having  said  this,  we  will  proceed  to  discuss  the 
snbstanoe  of  his  complaint  The  chief  points  in  which  our  account 
dififers  from  that  of  Prof.  Bonney  are  the  assignment  of  the  Upware 
rock  of  the  south  pit  to  the  Coral  Hag  in  a  restricted  instead  of  a 
genwral  sense ;  and  the  separation  of  the  north  pit  rock  as  belong- 
ing, not  to  a  mere  variation  of  development,  but  to  a  different 
horizon.  That  Prof.  Bonney  called  the  Upware  rock  "  true  Coral 
Rag,  as  the  word  was  then  understood,"  was  clearly  acknowledged 
in  the  sentence  following  the  one  he  quotes,  viz.  ''It  has  always 
been  called  Coral  Rag,  except  by  Mr.  Seeley."  But  Prof.  Bonney 
went  further.  He  attempted  to  show  to  what  part  of  the  "  Coral 
Rag  as  then  understood  "  the  Upware  rock  belongs.  He  assigned  it 
to  the  lower  part,  and  therefore  to  an  horizon  beneath  our  restricted 
"  Coral  Rag  " ;  *  and  it  is  on  this  point  that  we  differ  from  him.  He 
did  this  on  account  of  its  containing  Cidaris  Jhrigemma,  which  he 
says  extends  down  to  the  Lower  Calcareous  Grit  We  ask,  whera  ? 
Not,  we  venture  to  say,  in  England. 

To  prove  a  negative  is  of  course  a  difficult  task,  and  the  experience 
of  years  may  be  upset  by  the  discovery  of  a  moment.  But  the  fact 
is  that  Cidaria  fiorigemma  hardly  ever  occurs  even  in  the  Coralline 
Oolite,  which  in  nearly  every  locality  where  a  sequence  can  be 
traced  is  interposed  between  the  Coral  Rag  and  Lower  Calcareous 
Grit  So  far,  then,  from  making  the  position  of  this  urchin  less 
constant  than  it  was  supposed  to  be,  as  is  alleged  by  Prof.  Bonney 
in  the  second  paragraph  of  his  letter,  our  intentions  were  certainly 
in  a  contrary  direction,  only  we  find  it  constant  in  the  upper  and  not 
in  the  lower  part  of  the  series ;  or,  to  speak  more  accurately,  it  is 
moBt  plentiful  in  the  lower  portion  of  the  upper  division,  t.e.  the 
restricted  Coral  Rag.  If,  however,  English  geologists  are  content 
to  derive  their  impressions  of  the  distribution  of  the  Mesozoic  strata  of 
their  own  island  from  the  detailed  accounts  of  their  supposed  foreign 
equivalents  by  continental  authors,  we  can  never  get  any  real  data 
for  comparison.  In  the  present  instance  it  would  appear  that  the 
Cidaris  fiorigemma  was  contemporary  with  the  earlier  part  of  the 
Coral  growths  in  Eastern  France.  In  the  Boulonnais  it  was  pretty 
uniformly  distributed  throughout,  as  M.  Rigaux  informs  us,  and 
he  therefore  wonders  that  we  consider  its  position  so  constant. 
In  England  again,  except  in  the  Weymouth  area,  which  shows  more 
intermediate  conditions,  it  is  almost  entirely  confined  to  the  upper- 
most GonJ  growths.  The  lower  reefs  at  Highworth  and  Hackness, 
though  presumably  formed  under  similar  physical  conditions,  are 

'  It  may  be  neceflsary  here  to  remind  the  readers  of  the  Gbol.  Mao.  that  the 
Coralliaii  of  England  admits  of  four  primary  subdirisions,  as  follows  in  descending 
Older:  1.  Supracoralline,  or  equivalents  of  the  Upper  Calcareons  Grit;  2.  Coru 
Bsff,  or  sone  of  Cidaris  fiorigemma ;  3.  Coralline  Oolite,  or  zone  of  Am.  pUcatiltM  \ 
4.  Lawer  Caloareons  Gnt,  or  zone  of  Am.  perarnuitut. 


92  Correspondence — Dr.  0.  FeistmanM. 

without  it.  Whether  we  are  to  consider  that  Coral  growth  began 
earlier  in  England  than  in  France,  or  that  Cidaris  flortgemma  reached 
U8  later,  is  an  interesting  question ;  but  this  much  is  certain,  that  the 
Coral  growths  continued  to  a  much  later  period  in  Eastern  France ; 
hence  the  idea  that  Cidaris  florigemma  is  indicative  of  a  low 
Corallian  horizon.  In  the  discussion  on  our  paper,  Professor  Morris 
pointed  out  that ''  the  so-called  Corallian  occupied  different  zones  in 
different  localities  on  the  Continent,  stretching,  in  fact,  from  the 
Oxfordian  to  the  Portlandian  inclusive."  Correlation,  to  be  of^any 
value,  therefore,  is  only  to  be  effected  by  a  detailed  examination  of 
both  the  English  and  continental  areas,  without  confounding  to- 
gether either  the  beds  of  different  districts,  or  those  of  the  same 
district,  as  is  generally  done  in  all  works  dealing  with  the  subject. 

London,  JDw,  6, 1877.  Blake  and  Hudlestok. 

P.S.  The  great  stretch  of  country  passed  under  review  in  the 
"  Corallian  Bocks  of  England  "  obliged  us  to  condense  lists  of  fossils 
as  much  as  possible.  Had  we  given  a  full  list  of  fossils  from  the 
North  Pit,  it  is  difScult  to  see  that  any  doubt  as  to  its  age  could 
exist.  The  following,  omitting  certain  indefinite  forms,  is  as  full  a 
list  as  we  have  been  able  to  put  together : 

Ammonitet  perarmattts  Isoeardia  (cast) 

„  plwalUit  Fygatter  umbrella 

Littcrina  muricata  (var.)  Eehinobrttsui  »eutatu» 

Pleurotomaria  (cast)  HoUetyptu  deprestus 

OerviUia  avieuloidet  CoUyrites  bieardatus 
Opts  FhUHpti 

Only  three  of  these  occur  in  the  South  Pit  B.  &  H. 


CYCADACEOUS  PLANTS  OF  THE  DAMUDA8. 

Sib, — I  beg  you  will  allow  me  space  to  correct  some  erroneous 
impressions  that  might  be  made  by  certain  not  sufBciently  explained 
statements  published  by  me  in  the  Geological  Magazine,  and 
elsewhere,  and  to  apologize  to  the  gentlemen  whom  I  thereby 
have  had  the  misfortune  to  offend.  I  beg  to  state  that  any  such 
effect  was  as  far  from  my  intention  as  it  certainly  would  be  contrary 
to  my  interests,  and  I  regret  that,  when  stating  facts,  I  did  not 
more  fully  notice  circumstances  that  would  only  be  known  to  those 
immediately  concerned. 

The  following  instances  will  sufBciently  explain  this  unfortunate 
misunderstanding. 

When  writing  in  the  Geological  Magazine  in  November,  1876, 
p.  489,  on  the  occurrence  of  Cycadeaceous  plants  in  the  Damudas, 
saying  in  footnote  No.  10  **that  they  were  known  long  ago,"  I  ought 
to  have  explained  that  the  two  species  (out  of  three)  I  mentioned, 
t.e.  Ndggerathia,  near  Vogesiaca  and  Glossozamites,  although  collected 
some  years  since,  have  not  before  been  determined  as  such,  and  only 
N6ggerathia  f  Hislopi  was  by  its  describer  (Sir  Ch.  Bunbury)  con- 
sidered as  doubtfully  Cycadeaceous,  and  I  see  now  that  my  footnote, 
10,  should  have  been  written  thus :   "  that  Cycadeaceous  plants 
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were  collected — ^but  not  described,"  for  which  I  beg  to  apologize  to 
Mr.  W.  T.  Blanford. 

Mr.  W.  T.  Blanford's  remark  "that  Cycads  have  not  hitherto 
been  found  in  the  Damudas  "  was  therefore  in  so  far  correct  as  the 
mentioned  specimens,  with  the  exception  of  Ndggerathtaf  Hislopi, 
although  found  have  hitherto  not  been  determined  until  I  did  so. 

I  should  also,  when  writing  in  the  September  Number  of  the  Gbol. 
Mao.  1877,  p.  431,  that  "  Zamia  Burdtoanensis,  McGlelL,  has  been 
described  as  long  ago  as  1850,"  have  added  that  the  affinities  of  this 
species  had  been  later  disputed  for  many  years,  Dr.  Oldham  suppos- 
ing, from  the  material  at  his  disposal,  that  a  Schtzoneura  has  been 
mistaken  for  a  Zamia,  until,  through  the  recovery  of  the  original 
specimen,  this  species  was  proved  to  be  indeed  a  Zamia.  (I 
described  this  species  fully,  with  its  histoiy,  in  Rea  Geol.  Surv.  of 
India,  1877,  vol.  x.  No.  2.) 

I  wrote  in  the  November  Number  of  the  Gbol.  Mao.  1876, 
already  referred  to :  '*  From  the  occurrence  of  the  genus  QlosBopteris 
in  these  beds  (Damudas),  they  have  been  for  a  long  time  brought 
into  connexion  with  the  Australian  Goal -measures,  and  declared 
-without  any  proof  as  probably  Palasozoic,"  and  I  referred  to  Dr. 
Oldham,  Mr.  H.  T.  Blanford,  and  Mr.  W.  T.  Blanford  as  authorities. 
This  was  the  impression  left  upon  me  after  the  perusal  of  the  papers 
referred  to — but  I  should  have  explained  that  besides  Glossopteris, 
some  other  fossil  plants  also  were  mentioned  as  correlating  fossils. 
I  express  my  regret  for  having  left  these  other  correlations  uncon- 
sidered, but  I  hope  to  be  able  to  explain  this  point  further  in  the 
Flora  of  the  Lower  Gondwanas  in  India.  This  note  refers  to  all 
my  publications  on  this  subject.  Ottokab  Feistmantel. 

Calcutta,  Oct,  9,  1877. 

PROFESSOR   MILNE  AND    THE    GLACIAL    PHENOMENA    OF 

SCANDINAVIA. 

Sib, — It  is  not  without  great  astonishment  that  I — and,  I  think, 
most  geologists  who  have  devoted  any  attention  to  the  post-Tertiary 
formations  of  Northern  Europe — have  read  a  paper  by  Professor 
John  Milne  in  your  last  July  Number.^  By  some  observations  made 
from  the  railway  waggon,  or  the  steamer,  when  travelling  through 
Sweden  and  Finland,  he  thinks  himself  enabled  to  refute  the  views 
since  many  years  universally  held  by  Scandinavian  geologists 
respecting  the  surface  geology  of  the  country.  The  features  usually 
attributed  to  the  action  of  glaciers  on  a  continental  ice-sheet — as, 
for  instance,  the  polished  and  scratched  rocks  and  the  boulders — he 
thinks  better  explained  by  the  action  of  coast-ice.  If  Professor 
Milne  had  stayed  a  day  in  Sweden,  and  made  an  excursion  with  a 
Swedish  geologist,  I  hardly  doubt  that  the  first  part  of  his  Travelling 
Notes  would  have  been  unwritten,  for  it  seems  impossible  that  a 
person  with  such  good  reasoning  powers  should  hold  the  views 
advocated  in  those  notes,  ailer  seeing  a  few  of  these  scratched  rocks 

^  J.  Millie :  Across  Europe  and  Asia.  Trayelling  Notes.  Part  I.  London  to  St. 
Petenbnrg.    Gbol.  Mao.  Dec.  II.  YoL  lY.  p.  289  teq. 
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uid  the  assooiated  phenomena  near  enongh,  and  having  their  bear- 
ings pointed  out  to  himself  by  an  experienced  guide.  As  they  have 
now  been  written,  and  published  in  a  Journal  of  such  a  standing  as 
the  Gkoloqioal  Maoazimb,  they  ought  not  to  be  altogether  un- 
answeredy  though  I  think  that  most  of  your  readers  do  not  need  to 
have  the  failings  of  such  reasonings  pointed  out. 

The  ohief  argument  of  Professor  Milne  against  the  gladation 
theory  seems  to  be  that  that  theory  requires  great  climatal  changes, 
the  explanation  of  which  would  involve  insuperable  difficulties.  I 
admit  that  Science  has  not  yet  given  a  final  explanation  of  these 
changes,  but  they  are  a  well-established  f<ict,  and  a  fact  must  be 
accepted,  whether  we  can  explain  it  or  not.  As  for  myself,  I  think 
that  the  physical  features — such  as  the  nature  of  the  Till  and  the  stri»- 
tion  of  the  rocks — are  in  themselves  sufficient  proofs  of  a  former  glacial 
climate,  but  there  are,  besides,  ample  palseontological  evidences.  Some 
thirty  years  ago.  Professor  Lov6n  found  that  certain  shell-banks  in 
Sonthem  Sweden  contain  a  completely  Arctic  fauna,  and  the  labours 
of  the  geological  Survey  of  Sweden  have  shown  that  the  stratified 
day  leposing  on  the  gravel-beds  is  everywhere  characterized  by  tho 
weU-known  shell  Yoldia  arciiaa,  Gray,  which  occurs  living  only  in 
the  most  Arctic  regions,  as  the  coasts  of  Spitzbergen  and  those  of 
jn^ffAem  Greenland.  Still  more  striking  proofs  of  a  former  glacial 
climate  have  been,  in  later  years,  adduced  by  Dr.  Nathorst,  who  has, 
f^m  ddbris  in  the  lacustrine  deposits,  found  that  a  vegetation 
identical  with  that  now  prevailing  in  Spitzbergen  (Dry as  octopetala, 
Solix  pdartB,  etc)  once  lived  not  only  in  the  lowlands  of  Southern 
Sweden  but  also  in  Denmark.  This  being  the  case,  it  cannot  be 
doubted  that  a  climate  cold  enough  to  produce  a  continental  ice-sheet 
once  prevailed  so  far  south  as  in  Southern  Sweden. 

That,  actually.  Till  is  formed,  and  rocks  polished  and  striated  by 
glacier-ice,  is  so  well  known  from  observations  in  the  Alps  and 
elsewhere,  that  I  think  Professor  Milne  himself  cannot  deny  its 
capability  of  producing  such  e£fects.  He  points,  however,  to  one 
oiTcnmstance,  often  observed  in  connexion  with  these  phenomena, 
which  he  thinks  not  accountable  for  by  the  action  of  glacier-ice, 
^  the  occurrence  of  erratic  blocks  raised  to  positions  above  the 
lOok  from  which  they  were  derived.  He  explains  their  occur- 
lence  by  the  "action  of  coast-ice  upon  a  rising  area."  If  there 
ihould  be  any  meaning  in  this.  Professor  Milne  ought  to  have  called 
{br  a  sinking  area  instead  of  a  rising,  as,  of  course,  the  question 
must  be  of  the  relative  height  If  a  block  is  attached  to  fioating- 
{gOi  and  the  land  is  rapidly  sinking,  the  block  may  be  deposited  in  a 
lelatively  higher  position  than  that  of  the  parent  rock,  but  not  if 
tiie  land  is  rising.  There  are,  however,  many  instances  of  blocks 
jerived  from  lower  positions,  in  places  where  the  water  never 
leached.  Thus,  in  Westrogothia  blocks  of  the  Cambrian  Sandstones 
ne  often  found  reposing  on  the  summits  of  the  Silurian  mountains, 
isveral  hundred  feet  above  their  parent  rocks,  on  heights  which 
i  ''^ver  reached  in  post-Tertiary  times;  and  many  similar  and 

itriking  instances  are  recorded  from  other  countries  by 
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Tomebohm,  James  Geikie,  and  other  observers.  In  snoh  cases  it  is 
quite  impossible  to  admit  floating-ioe  as  the  working  cause,  and 
we  must  recur  to  glacier-ice.  It  is  not  here  the  place  to  discuss 
the  physical  conditions  which  produce  these  effects ;  it  is  enough  to 
point  to  the  fact 

If  it  is  thus  evident  that  the  phenomena  in  question  eon  have  been 
effected  by  the  action  of  a  continental  ice-sheet,  it  remains  for  us  to 
show  that  they  canTiot  have  been  effected  in  the  manner  advocated 
by  Professor  Milne. 

That  the  Till — which  in  no  part  of  Sweden  is  more  developed  than 
in  the  south — cannot  have  been  formed  by  the  action  of  floating- 
ioe,  is  evident  to  any  one  who  has  seen  some  sections  of  that  deposit, 
with  its  striated  blocks,  heaped  confusedly  together  in  the  tough 
tenacious  mud.  We  have,  in  Sweden,  in  many  places,  gravel-beds 
which  have  evidently  been  deposited  by  shore  action,  but  they  have 
quite  another  aspect ;  the  gravel  is  more  or  less  stratified,  the  stones 
are  rounded,  not  scratched,  and  the  fine  mud  is  washed  off,  so  that 
this  gravel  is  far  less  coherent  than  the  Till.  The  scratches  in  the 
rocks  are  usually  .best  marked  below  the  Till,  and  it  is  therefore 
probable  that  the  result  is  from  the  same  cause.  That  they  cannot . 
result  from  the  action  of  coast-ice  is  evident  from  many  reasons. 
Firstly,  it  is  impossible  to  conceive  how  the  scratches  could  have 
such  a  constant  direction  in  large  regions,  if  they  were  produced  by 
ooast-ice.  Professor  Milne  himself  correctly  remarks,  that  the 
directions  of  the  scratches  ''point  seawards,  or  else  to  the  lewdest 
land,"  bi^t,  strangely  enough,  he  adds  that  this  circumstance  is 
rather  more  favourable  for  his  own  views.  Everybody,  however, 
knows  that  glacier- ice  moves  downwards,  and  therefore  it  is  natural 
that  the  scratches,  on  the  whole,  have  that  direction,  if  produced  by 
glacier-ice.  On  the  contrary,  if  produced  by  coast- ice,  their  direc- 
tion is  independent  of  the  slope  of  the  land,  and  must  vary  according 
to  the  currents  and  the  winds.  Further,  in  the  isles  along  the  Baltic 
ooasts  of  Sweden,  the  striation  and  polishing  is  most  marked  on 
their  landward  face,  from  whence  the  glacier  must  have  come, 
whereas  their  outer  sides  ought  to  have  been  more  polished  and 
scratched,  if  the  coast-ice  had  produced  these  effects. 

It  cannot  be  denied  that,  as  Professor  Milne  says,  the  abrading 
action, of  coast-ice  is  an  undoubted  fact,  but  it  must  be  remarked, 
that  in  the  coasts  of  Sweden  and  Finland,  and  especially  near  the 
route  followed  by  him,  this  action  is  excessively  small.  The  rocks 
are  there  so  hard  and  compact,  and  the  force  of  the  waves  so  small, 
that  their  action  on  the  rock-surface  is  hardly  perceptible.  A  rock 
may  be  exposed  there  for  hundreds  of  years  to  the  waves,  without 
the  finest  scratches  being  abraded.  Professor  Milne  thinks  that,  to 
be  preserved,  they  '*  must  always  have  remained  above  sea-level,  or 
else  have  been  shielded  by  some  protective  covering  during  both 
subsidence  and  elevation,*'  but  it  is  so  far  from  this  being  the  case 
that,  on  the  contrary,  the  scratches  are  much  better  preserved 
beneath  the  water  than  in  the  open  air  a  few  feet  above  it  In  the 
open  air  the  scratches  usually  become  obliterated  in  a  few  ^eax^  \^^ 
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the  action  of  the  atmospheric  agents,  and,  above  all,  by  the  lichens. 
This  is  also  the  reason  why  the  smaller  islands  and  the  lower 
portions  of  the  larger  ones,  as  Professor  Milne  remarks,  are  of  a 
whitish  colour.  As  long  as  the  waves  hinder  the  lichens  from  at- 
taching themselves  to  the  rock,  it  preserves  its  scratched  and 
polished  surface,  but  when  elevated  a  few  feet  above  the  sea-level, 
it  soon  becomes  rough  and  dark.  In  places  that  were  sheltered  from 
the  action  of  the  glacier-ice,  the  rock  is  never  polished  and  scratched, 
though  on  our  coasts  these  places  are  usually  the  most  exposed  to  the 
action  of  the  waves  and  to  coast-ice. 

Gbolooical  Survey  Office,  Q.  LiNNAKSSON. 

Stockholm,  November  30/A. 


DEVONIAN  GEOLOGY. 

Sib, — One  is  scarcely  surprised  to  find  that  the  papers  of  Messrs. 
H.  B.  Woodward  and  C.  Reade,  in  the  last  October  Number  of  the 
Geolooioal  Magazine,  afford  such  strong  support  to  the  masterly 
interpretation  of  the  Geology  of  Devonshire  given  to  the  Greological 
Society  by  the  late  Professor  Jukes  and  published  at  his  own 
expense. 

Professor  Jukes*s  knowledge  of  the  Irish  rocks  with  which  he 
classed  those  of  Devonshire,  together  with  his  powerful  and  practised 
ability  for  field  observation,  entitled  his  opinions  to  more  considera- 
tion than  at  the  time  they  appeared  to  receive. 

Now  that  he  is  gone,  it  is  gratifying  to  see  his  *  able  outline ' 
being  ably  filled  in  with  careful  details,  and  should  the  further 
revision  still  bear  out  his  views,  this  will  show  how  apt  was  a 
remark  he  often  made  regarding  puzzles  in  field  geology,  •*  Put  all 
the  evidence  down,  and  it  will  explain  itself." 

WijJiTAN,  Nov.  19;A,  1877.  Benwyan. 

THE    VOLCANIC    ROCKS    OF    SHROPSHIRE. 

Sib, — Mr.  S.  AUport,  in  his  valuable  paper  "  On  Certain  Ancient 
Devitrified  Pitchstones  and  Perlites  from  the  Lower  Silurian  District 
of  Shropshire  "  (Quart.  Joum.  Geol.  Soc.,  vol.  xxxiii.  part  8,  August, 
1877,  p.  449),  read  May  23rd,  1877,  announced  the  discovery  of  the 
bedded  character  of  the  so-called  "  Greenstone  "  of  the  Wrekin.  The 
same  fact  was  communicated  by  me  to  the  Society  on  March  21st, 
1877,  in  my  paper  "  On  a  new  area  of  Upper  Cambrian  Hocks  in 
South  Shropshire,"  which  however  did  not  appear  until  the  publica- 
tion of  part  4  of  the  Quart.  Journ.  Geol.  Soc.,  in  November,  1877, 
p.  662,  The  value  of  this  discovery  will  be  seen  when  it  is  remem- 
bered that  these  "  Lower  Silurian  "  rocks  are  really  Cambrian,  some 
of  them  clearly  as  ancient  as  the  Lingula  Flags,  if  not  Menevian, 
f^d  that  they  rest  upon  the  bedded  volcanic  series  unconformably.  1 
am  working  out  the  details  of  this  great  formation,  but  shall  not 
publish  until  I  have  collected  further  materials. 

Chables  Callaway. 
Wbllinqton,  Salop,  Dee.  llth,  1877. 
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I. — On  a  Collection  of  Pleistocene  Mammals  Dredged  off  the 

Eastebn  Coast. 

By  William   Davies,   F.  G.  S.  ; 
of  the  British  Museum. 

OF  the  many  private  collections  of  vertebrate  fossils  found  on 
or  off  the  coast  of  the  Eastern  counties,  none  surpass  in  palseon- 
tological  and  also  in  geological  interest  the  fine  collection  made 
with  much  zeal  and  care  by  Mr.  J.  J.  Owles,  of  Yarmouth,  in- 
asmuch as  the  larger  portion  of  the  specimens  are  exclusively  the 
remains  of  Postglacial  Mammals,  and  were  brought  up  in  the 
fishermen's  dredge,  either  from,  or  in  close  proximity  to  the  well- 
known  Dogger  Bank,  thus  proving  conclusively  the  existence  of 
submerged  Pleistocene  or  Postglacial  land  lying  off  the  Eastern 
coast  in  the  North  Sea.  Prof.  Boyd  Dawkins  is  the  only  author, 
as  far  as  I  am  at  present  aware,  who  has  made  any  reference  to  this 
really  valuable  series  of  remains,  and  then  only  incidentally  in  his 
memoir,  "  On  the  Distribution  of  Postglacial  Mammals."  * 

The  collection  having  been  deposited  in  the  British  Museum, 
where  of  necessity  it  will  be  absorbed  and  distributed  in  the  general 
collection,  and  its  unity  be  lost ;  is  worthy  of  being  placed  upon 
record  as  a  whole,  on  account  of  the  interest  it  possesses  in  relation 
to  the  geological  history  of  the  bed  of  the  sea  lying  off  the  Norfolk 
coast.     The  species  represented  in  it  are — 

UrtuM,  sp.  Bm  primigeniuMj  Boj. 

CanU  tuptu,  Linn.  Buonpriseus^  Boj. 

Sytena  tpelaa^  Goldf.  Equu8  eaballus,  Linn. 

CervuB  megaeero9j  Hart.  RhinoeeroB  tiehorhinuty  Cut. 

C,  tarantha,  Linn.  EUphaa  primigenius,  Blum. 

C.  eiaphuty  Linn.  Castor  Jiber,  Linn. 

CervuB^  sp.  TrieheehtM  rosfnarua^  Linn. 

and  some  large  vertebraa  of  Cetaceans  of  a  later  date.  The  collection 
contains  altogether  about  300  specimens.  Of  these  the  remains  of 
the  Mammoth  are  most  numerous,  exceeding  one  hundred  specimens, 
and  consisting  of  portions  of  jaws,  detached  molars,  tusks,  bones  of 
the  trunk  and  limbs.  Of  separate  teeth  and  jaws  there  are  upwards 
of  seventy,  representing  nearly  as  many  individual  Mammoths ;  of 
tnsks  there  are  four,  one  of  large  size,  but  imperfect ;  three  quite 
perfect,  but  of  comparatively  young  animals,  each  of  which  shows 

^  Quart.  Joum.  Geol.  Soc.  vol.  xxt.  p.  192. 

DBCADB  n. — TOJU  T.— JfO.  iU.  1 


98  William  Davies — Pleistocene  Mammalia. 

the  obaracteriBtio  spiral  curve.  Of  the  first  or  milk  series  of  teeth 
there  are  but  few  in  the  collection ;  the  larger  portion  of  the  tme 
molars  are  of  aged  adults,  for  the  ultimate  molar  alone  is  represented 
by  twenty-four  specimens,  many  of  large  size,  and  some  much  worn. 
They  nearly  all  exhibit  the  typical  characters  and  structure  of  the 
teeth  of  the  Siberian  Mammoth;  the  enamelled  plates  being  thin, 
numerous  and  closely  set 

The  Tichorhine  Bhinooeros  is  represented  by  a  fine  skull  nearly 
perfect,  and  containing  a  series  of  five  molars  on  the  right  side,  and 
the  fourth  premolar  on  the  left ;  the  cranial  portion  of  another  skull, 
detached  teeth  and  bones.  The  skull  is  interesting  as  showing  an 
extensive  lecture  of  its  fBoiel  portion,  just  in  front  of  the  interorbital 
platform,  and  just  clearing  the  anterior  orbital  rim.  The  fracture 
had  subsequently  healed,  but  had  left  a  large  scar  on  the  bone, 
causing  a  deflection  of  some  three  or  four  degrees  from  the  median 
line  of  the  cranium.  This  deflexion  also  extends,  but  in  a  greater 
degree,  to  the  palate  and  premaxillad ;  it  has  also  a£fected  the  nasal 
septum,  which  has  been  forced  on  one  side  and  its  symmetry  de- 
stroyed, being  convex  on  one  side,  and  concave  on  the  other.  The 
animal  appears  to  have  lived  long  after  receiving  this  fearful  injury, 
probably  derived  in  an  encounter  with  one  of  its  own  kind,  or  with 
one  of  the  huge  Mammoths  its  contemporaries. 

The  remains  of  the  Beindeer  (^Cervus  iarandus)^  consist  of  a 
cranium,  wanting  the  facial  portion,  a  ramus  of  a  mandible  and 
portions  of  antlers,  one  a  beam  more  than  four  feet  in  length.  The 
species  above  noticed  only  occur  in  deposits  of  Postglacial  age,  the 
other  species  given  in  the  list  above  as  having  been  found  with  them 
are  common  both  in  Pre-  and  Postglacial  formations. 

The  remains  of  the  Camivora,  usually  rare  in  river  or  other 
aqueous  deposits,  are  few  in  number,  consisting  only  of  the  ramus  of 
a  mandible  of  the  Hyaena,  a  skull  and  cervical  vertebraa  of  the  Wolf, 
and  a  femur  of  the  Bear,  the  species  undetermined.  The  Cervidse 
are  represented  by  crania  of  two  males  and  a  female  of  the  great 
Irish  Deer  {Cervus  megaceros)  ;  crania  of  the  Bed  Deer  (C,  elaphus), 
and  also  several  vertebrsd  and  portions  of  antlers  of  species  not 
determined.  The  BovidsB  are  represented  by  hom-cores,  teeth,  verte- 
bras and  limb-bones,  and  the  Horse  by  the  occipital  portions  of  two 
skulls,  and  bones  of  the  trunk  and  limbs. 

The  finely-preserved  mandible  of  the  Walrus,  with  the  exception 
that  the  coronoids  are  wanting,  and  that  the  teeth  have  fallen  from 
their  sockets,  is  in  every  other  respect  perfect.  Its  age  may  be  a 
moot  point ;  nevertheless,  from  its  state  of  fossilization  and  external 
colouring,  which  are  the  same  as  many  of  the  imdoubted  fossil  bones 
and  tusks  with  which  it  was  found  associated,  I  am  led  to  claim  for 
the  Walrus  a  place  in  our  lists  of  British  Pleistocene  Mammals,  where 
it  has  hitherto  not  been  admitted,  though  Mr.  Thomas  Southwell, 
in  an  interesting  paper  upon  this  animal  in  "  Science  Gossip,*'  for 
January,  1877,  p.  3,  states  that  "  the  skull  has  been  found  in  the 
peat  near  Ely."  If  this  find  can  be  authenticated,  it  has  as  good^a 
claim  to  be  regarded  as  a  British  fossil  as  the  Grampus  skull  dis- 
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oovered  in  the  Fens  of  Lincolnshire  and  desorihed  by  Prof.  Owen 
in  bis  "  British  Fossil  Mammals."  Its  fossil  remains  are  also  said 
to  be  found  in  France;  and  in  the  Crag,  enormous  incisors  of 
probably  a  closely  allied  animal  {Trichechodony  Lank.)  are  far  from 
uncommon.  Like  the  Lemming  and  other  land  animals,  the  Walrus 
may  have  migrated  from  our  shores  when  the  climate  and  waters 
were  no  longer  congenial  to  its  existence. 

The  skull  of  the  Beaver,  though  undoubtedly  fossil,  may  have 
been  a  later  introduction;  and  the  bones  of  the  larger  Cetacea  I 
regard  as  semi-fossil  bones  of  Post-Tertiary  age. 

It  is  Mr.  Owles'  impression  that  any  large  collection  of  similar 
fossils  will  never  be  made  again  from  tiie  area  in  which  his  collec- 
tion was  obtained.  The  Dogger  Bank  for  many  years,  he  states, 
has  been  so  scraped  and  sifted  by  the  fishermen's  dredge,  that  a 
tooth  or  a  bone  is  now  seldom  brought  to  the  surface  on  it. 

From  Preglacial  deposits  there  are  a  few  teeth  of  Elephas 
antiquus  and  Elephas  meridionalis,  of  this  species  there  is  a  fine 
entire  germ  of  an  ultimate  lower  molar. 

In  the  collection,  and  obtained  from  the  same  sea  area,  I  dis- 
covered the  centrum  of  an  anterior  caudal  vertebra  of  an  Iguanodon, 
which  must  have  come  from  a  much  older  deposit  Externally  it  is 
indistinguishable  from  the  other  bones,  having  the  same  deep  brown 
colour,  and  its  surface  is  covered  with  the  shells  of  small  Balani, 
tubes  of  Serptda,  and  cells  of  Polyzoa,  but  its  mineral  condition  is 
very  different,  petrefaction  being  complete,  all  its  cellular  tissue 
being  permeated  by  foliated  sulphate  of  lime,  resembling  in  this 
respect  many  Dinosaurian  bones  from  the  Wealden  of  the  Isle  of 
Wight ;  and  thus  giving  it  a  Wealden  rather  than  a  Lower  Green- 
sand  facies.  But  whatever  the  deposit  from  which  it  was  obtained, 
it  has  not  been  transported  from  a  distance,  for  it  has  been  subject 
to  no  water- wearing  action ;  the  epyphysial  rugosities  at  either  end 
are  very  slightly  worn,  and  the  natural  margins  are  intact,  as  is 
also  the  chevron  bone  depression ;  the  walls  of  the  neural  arch  are 
present,  but  the  top  with  the  process  is  absent  The  fractured 
surfaces  of  the  neural  walls  show  the  splintery  fracture  of  a  recent 
bone,  with  the  points  very  slightly  abraded,  as  if  the  spine  had  been 
broken  off  before  fossilization  had  commenced.  This  interesting 
fragment  is  a  geological  puzzle;  that  it  was  originally  deposited 
where  it  was  discovered  is  proved  by  its  angularity,  and  there  is  no 
doubt  as  to  its  species,  which  is  also  limited  to  the  Wealden  and  the 
Lower  Greensand.  Its  mineralization  points  to  the  former  as  the 
bed  from  which  it  was  probably  derived,  yet  there  is  no  present 
evidence  that  the  formation  extends  to  the  Norfolk  coast  The 
ofScers  of  the  Geological  Survey  employed  u)>on  that  district  may 
possibly  solve  the  difficulty. 

Of  the  Norfolk  coast  fossils,  the  British  Museum   acquired   in 

1842  and  1843  the  collections  made  by  the  Kev.  C.  Green  from  the 

Forest-bed  in  the  neighbourhood  of  Bacton,  Ostend,  etc.,  and  briefly 

described  by  him ;  ^  and  subsequently,  in  1858,  the  large  and  well- 

»  The  History,  Antiquities  and  Geology  of  Bacton  (Normch,  Yft^Tj. 
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known  series  of  Elephant  and  other  vertebrate  remains  obtained  by 
the  Eev.  J.  Layton,  from  the  eastern  coast  cliffs,  and  from  the  beach 
and  the  celebrated  oyster  bank  lying  o£f  Happisburgh.  Most  of  the 
objects  in  this  collection  are  also  referable  to  the  Forest-bed  period. 
The  celebrated  Norfolk  coast  "  Forest-bed  "  collection,  made  by 
the  Rev.  John  Gunn,  F.G.S.,  now  forms  a  part  of  the  Norwich 
Museum,  where  the  geologioed  collection  of  the  late  Mr.  Samuel 
Woodward  is  also  preserved. 


II. — Notes  on  somb  Fossil  Bivalved  Entomostbaoa. 

By  Prof.  T.  Rcpbrt  Jones,  F.R.S.,  F.G.S. 
(PLATE  III.) 

Introduction. — Notes  and  references  accumulating  for  some  years 
have  induced  me  to  offer  some  remarks  on  a  new  fossil  Estheria, 
and  on  some  already  known,  of  Carboniferous,  of  Permian,  and  of 
Triassic  age ;  also  a  description  of  some  fossil  Ostracoda  from  the 
Ironstone  of  Shotover,  near  Oxford,  involving  remarks  on  all  the 
known  Wealden  species ;  and  lastly  notes  on  some  species  found  in 
the  Purbeck  strata  of  the  Subwealden  Boring,  near  Battle,  in 
Sussex. 

The  specimens  shown  in  Plate  III.  are  illustrated  under  favour  of 
a  Grant  from  the  Royal  Society  for  the  purpose  of  figuring  the  fossil 
Bivalved  Entomostraea. 

I.  An  EsTHEBiA  from  the  Karoo   Formationy   near    Gradock,    Cape 

Colony,  South  Africa, 

EsTHBBiA  Gbeyii,  sp.  uov.     Plate  III.  Fig.  1. 

Valves  almost  elliptical,  except  that  the  dorsal  is  less  convex  than 
the  ventral  edge,  and  the  dorsal  angles  are  strongly  pronounced. 
The  antero-dorsal  angle  points  forward,  and  is  rather  low  down. 
The  umbo  is  just  within  the  anterior  third  of  the  valve.  Of  the 
numerous  concentric  ridges,  those  nearest  the  ventral  margin  are 
small  and  close-set;  about  twelve  larger  ridges,  wide-apart,  mark 
the  middle  and  more  convex  surface  of  the  valves.  No  sculptured 
or  pitted  ornamentation  is  observable.  Kadiating  wrinkles  of  tlie 
shell,  under  pressure,  as  shown  in  the  drawing,  are  not  un- 
common. Length  i  incli ;  height  -j^  inch.  Fig.  1  shows  a  right 
valve ;  magnified  twelve  diameters. 

Numerous  more  or  less  flattened  valves  occur  on  the  bed-planes 
of  a  hard  dark-grey  shale,  from  the  Karoo  Formation  near  Cradock, 
in  South  Africa.  The  specimens  were  found  by  the  late  Dr. 
George  Grey,  when  "  excavating  the  shales  to  examine  if  they 
would  yield  roofing  material";  see  Quart.  Joum.  Geol.  Soc.  vol. 
xxvii.  (1871),  pp.  49  and  50.  Specimens  are  in  the  Geological 
Society's  Museum  and  my  own  Collection. 

These  little  fossils^  are  interesting  as  giving  some  support  to  the 

^  £»theria  and  its  congener  the  Limnadia  received  much  elucidation  at  the  hands 
of  Prof.  £.  Grube,  of  Breslau,  in  his  memoir  *'  Ueber  die  Gattun^en  Estheria  und 
Limnadia f**  etc.,  in  the  Archly  fiir  Naturgeechichte,  Jahrgang  xxu.  1865. 
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late  Mr.  A.  G.  Bain's  hypothesis  of  the  Earoo*  J'ormatioii  having 
had  a  lacustrine  origin,  or,  at  least,  having  been  partly  formed  in 
fresh  or  brackish  waters.  Besides  some  obscure  casto  of  small 
Bivalves,  Mr.  D.  Sharpe's  IridincB  (Trans.  Geol.  Soc'sef,  2,  vol.  vii. 
p.  188,  and  p.  277)  are  the  only  known  shells  from  the'Kajroo  beds. 
For  remarks  on  the  geological  characters  of  this  formatio^^  >?hich  is 
either  of  latest  Palaaozoic  (Permian)  or  earliest  Mesozoio  (Triaeaic) 
age,  see  Quart  Joum.  Geol.  Soc.  vol.  xxiii.  p.  277 ;  and  vol.'kxxi. 
p.  529,  etc.  •..-;:;. 

The  form  most  nearly  approaching  Estheria  Greyii  in  outlinS].-i4 . 
K  rimosa,  Goldenberg,  Fauna  Sarsepont  foss.,  Heft  ii.  1877,  p.  \^J. 
pi.  2,  fig.  16-18,  from  the  Carboniferous  beds  of  Saarbruok. 

II.  Carboniferous  Estheria. 

1.  Estheria  Bawsoni,  Jones.     Plate  III.  Fig.  2. 

In  the  Geol.  Mag.  Vol.  VII.  1870,  p.  220,  PI.  IX.  Fig.  16,  we 
gave  a  drawing  and  brief  description  of  a  Nova-Scotian  specimen  of 
Estheria  Dawsoni,^  already  noted  and  roughly  figured  by  Dr.  Dawson, 
F.RS.,  in  his  Acadian  Geology,  1868,  p.  256,  fig.  78d. 

Thanks  to  Mr.  Bobert  Etheridge,  junior,  F.G.S.,  we  have  now 
seen  better  specimens,  though  still  only  casts,  of  this  species  from 
Scotland.*  These,  collected  by  the  Geological  Surveyors  of  Scotland, 
and  marked  **  B  1374  E ''  in  the  Museum  at  Edinburgh,  are  single 
and  double  valves,  more  or  less  flattened,  scattered  on  the  bed-planes 
.of  purplish,  fine-grained,  micaceous  shale,  in  the  Lowest  Carboni- 
ferous series,  east  of  Belhaven  Bay,  near  Dunbar. 

These  Scotch  specimens  of  E.  Dawsoni  give  more  perfect  outlines 
than  those  previously  figured.  The  subquadrangular  shape,  wide 
ridges  (11  or  12),  short  anterior  and  long  posterior  moieties  of  the 
valves,  and  the  sharp  postero-dorsal  angle,  making  the  posterior 
margins  somewhat  sigmoidal,  are  characters  in  this  species.  No 
ornamentation  is  seen  either  on  the  casts  or  the  impressions.  Fig. 
2a,  right  valve ;  Fig.  26,  left  valve ;  internal  casts.  Magnified  10 
diameters. 

2.  My  friend,  E.  W.  Binney,  F.B.S.,  has  communicated  some 
specimens  of  Estheria  tenella  from  Ciudad  Real,  Spain.  In  the 
Neues  Jahrbuch  fur  Min.,  etc.,  1864,  p.  656,  E,  tenella  is  quoted 
from  Saarbriicken  by  Dr.  E'.  Weiss ;  and  in  the  vol.  for  1869,  p.  61, 
Geinitz  mentions  it  as  having  been  found  in  shale  at  Eargalinsk, 
Hussia.  He  refers  these  and  the  Saarbriicken  specimens  to  the  Lower 
Dyadic  (Permian)  series. 

8.  Goldenberg,  in  his  "Fauna  Saraspontanse  fossilis," '  part  2, 
1877,  plate  2,  figs.  9-18,  illustrates  Estheria  tenella  (Jordan),  figs. 
9-11;  E.  limhata,  Qold,,  figs.  12-15;  and  E.  rimosa,  Grold.,  figs. 
16-18;  together  with  some  Leaioe,  etc. 

1  EBtheria  Adamsii  and  E,  F$achii  were  fi^nred  and  described  on  the  same  occa- 
sion, ice,  eit.  PL  IX.  Figs.  1  and  17.  B.  punctatella  had  been  already  added  to  the 
list  of  CarboniferoQs  Etthei'ia,  in  the  Trans.  GeoL  Soc.  OlasgoW^  1866,  pi.  i.  fig.  3. 

*  6bol.  Mao.  Series  II.  Vol.  III.  p.  576. 

*  **Die  foaailen  Thiere  aus  der  Steinkoblenformation  von  SaaibTuOLOiii,''  "EL^^^yl, 
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^I.:SOME  TbIASSIO   and   OTHKB  EsTHERIiE. 

§  1.  New.^hglisli  locality  for  Estheria  minuta  (Alberti). 

Some  $iiQ  ^^ecimens  have  been  obtained  by  Mr.  T.  J.  Slatter,  of 
Eedditchv Worcestershire,  in  a  purplish  micaceous  clay  of  the  Upper 
Eeuper  *S^d8tone,  and  in  the  Lower  Keuper  Sandstone  (Water- 
stones),' ilear  that  place.  For  a  general  section  of  the  New  Bed 
San'ds^ne  of  the  district,  see  ''  Monograph  of  the  Fossil  Estheris," 
Pal.  Soc.,  1862,  pp.  62,  63. 

.  './'§•  2.  Notices  of  J^.  mintUa  and  some  other  Estherice. 
•^»l'. Estheria  minuta  has  been  frequently  referred  to  by  the  geologists 
,' . .  fif  Germany  since  1862,  sometimes  with  new  localities.    In  Alberti's 

Ueberblick  iiber  die  Trias,"  etc.,  1864,  it  is  accepted  as  a  Crus- 
tacean, and  correlated  with  Posidonomya  Albertiif  Yoltz,  and  P. 
Oermari,  Beyrich,  Zeitsch.  deutsch.  geol.  Ges.,  vol.  ix.  1857, 
p.  377)  ;  also  doubtfully  with  P.  Wengensis  (from  Diirrenberg), 
Giebel,  PalsBontol.  Untersuch.  (not  P.  Wengensis  of  Wissmann  and 
MUnster,  Beitrage,  etc..  Heft  4,  1841,  St.  Cassian,  p.  23,  pL  16, 
fig.  12,  which  is  much  larger).  Posidonomya  nodocostata,  Giebel, 
Pal.  Unters.,  pi.  2,  ^g,  7,  is  mentioned  by  Alberti  as  being  prob- 
ably an  Estheria.  Alberti's  work  is  briefly  noticed  in  the  Geol. 
Mao.  Vol.  I.  p.  167. 

In  the  Neues  Jahrbuch  for  1864,  p.  646,  etc.,  Giimbel  and  Geinitz 
noticed  some  Permian  (Dyadic)  fossils  from  Thuringia,  and  among 
them  a  new  Estheria, — E.  rugosa,  Giimbel.  See  Gsol.  Mag. 
Vol.  II.  p.  205. 

Giimbel  mentions  Estheria  minuta  as  a  leading  fossil  of  the 
Variegated  and  the  Grey  Keuper,  iq  bis  work  on  the  Bavarian  Trias, 
"Die  geognostische  Verhaltnisse  des  frankischen  Triasgebiets," 
1865,  pp.  53,  55,  etc.  So  also  does  Frid.  Sandberger  in  his 
"  Beobachtimgen  in  der  Wiirzburger  Trias,"  1865,  Wurzb.  naturw. 
Zeitsch.  vol.  v.  p.  221,  etc. 

In  the  Trias  of  the  Taub  Valley,  Ph.  Platz  has  found  E.  minuta 
in  a  dolomite,  associated  with  a  bone-bed,  in  the  Lettenkohle  series ; 
N.  Jahrb.  1869,  p.  585. 

E,  minuta,  var.  Brodieana,  is  noticed  by  Fred.  Romer  as  occurring 
in  the  Keuper  at  Paulsdorf  in  Upper  Silesia ;  Zeitsch.  d.  geol.  Ges. 
vol.  XV.  1863,  p.  702,  etc.,  and  in  his  **  Geologic  von  Obemschlesien,'* 
1870,  p.  176,  pi.  15,  figs.  10  and  11;  also  previously  in  the  Zeitsch. 
geol.  Ges.  vol.  xv.  (1863),  p.  702,  etc. 

Frid.  Sandberger,  in  the  Verhandlungen  d.  k.  k.  geol.  Beich- 
sanstalt,  Jahrg.  1871,  in  his  remarks  on  '*  Die  Estherien-Bank  des 
Keuper  in  Siidfrankreich  (Departement  Gard),"  p.  225,  notes  both 
E,  minuia  and  E,  laxitexta,  Sandb.,  which  is  regarded  as  a  variety  of 
the  E.  minuta  so  abundant  in  the  Lettenkohle. 

E,  Mangaliensis,  Jones,  is  described  by  Geinitz  as  having  been 

found  in  a  bituminous   shale  (Brandschiefer),  of  Bhsetic  age,  from 

San  Lorenzo,  Province  of  Mendoza,  South  America.    See  "Palssonto- 

graph.,"  Supplem.  iii.  Beitrage  zur  Geologic  und  Palaeontologie  der 

DiiniBchen  Eepublik;   ii.  PalsBont.  Theil,  ii.  AbtheiL  Cassel, 

1876,  p.  3,  pi.  1.  figs.  1-6. 
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lY.  Fossil  Ostbaooda  from  Shotoyes,  nbab  Oxford. 

§  1.  Locality, — ^Visiting  the  old  stone  pits  of  Shotover  Common, 
March  16, 1874,  in  company  with  some  students  and  Mr.  H.  Caudell, 
the  late  Professor  Phillips'  able  assistant,  and  still  attached  to  the 
Geological  Department  of  the  Oxford  University  Museum,  the 
writer  was  present  when  Mr.  Caudell  picked  up  some  fossiliferous 
pieces  of  the  ironstone.  One  fragment  of  sandstone  exhibits  on  its 
bed-plane  the  casts  of  a  small  tfnio  (U,  subtruncatus?),  of  a  small 
Cyrena  (C,  media  ?),  and  of  numerous  Ostracods ;  and  a  fragment  of 
ironstone  (from  a  crack  in  sandstone)  bears  numerous  casts  and 
impressions  of  small  crushed  Paludinm  (P.  Suasexiensis^),  together 
with  a  few  Fish-bones.  These  specimens  are  from  the  ^'Ironsands" 
just  within  the  field-gate,  near  the  **  h' "  on  the  Geological  Survey 
Map,  on  the  Common,  about  3  miles  east  of  Oxford.  They  will  be 
deposited  in  the  University  Museum. 

The  occurrence  of  so-called  **  Cyprides "  in  these  Ironsands  of 
Shotover  and  neighbourhood  had  been  often  spoken  of,  but  was  still 
doubtful ;  see  Prof.  PhUlips's  "  Geology  of  Oxford,'*  1871,  p.  412. 
Cavities  left  by  the  removal  of  the  oolitic  grains  so  common  in  the 
Ironstone  look  like  the  impression  of  these  little  fossils ;  and  the 
partly  exposed  convex  casts  of  the  whorls  of  small  Paludina  often 
resemble  their  subovate  valves.  In  the  piece  of  very  fine-grained, 
ferruginous,  and  micaceous  sandstone  containing  the  internal  cast  of 
a  Unio  and  impressions  of  a  small  Cyrena  (?),  ornamented  with 
delicate  concentric  ridges,  numerous  casts  and  impressions  of  different 
kinds  of  Bivalved  Entomostraca  are  plainly  visible. 

It  is  not  easy,  however,  to  master  the  details  of  form  and  orna- 
ment of  all  the  little  Cypridiform  Entomostraca  present ;  inner 
moulds  and  exterior  casts,  more  or  less  imperfect,  being  bad 
material  to  work  upon,  chiefly  on  account  of  the  imperfection  of  the 
outlines  of  the  imbedded  specimens. 

There  seem  to  be  five  distinct  recognizable  forms,  shown  in  the 
accompanying  Plate  by  Figs.  3-11. 

Besides  the  difficulty  of  defioing  outlines  and  other  features,  we 
cannot  easily  assign  specific  names  to  these  forms,  because  we  are 
not  yet  well  acquainted  with  the  limits  of  variation  among  the 
several  Cypridiform  species  found  in  the  Purbeck  and  Wealden 
formations. 

§  2.  List  of  the  Ostracodous  Entomostraca  known  in  the  Purbeck- 
Wealden  Formation, 

The  recorded  species  of  Ostracoda  known  in  the  Purbeck- Wealden 
deposits  are— ^ 

I. — Cyprisfaba,  Sowerby  (not  Desmarest),  "Mineral  Conchology," 
tab.  cooolxxxv.,  1824,  p.  136-8 ;  and  mentioned  also  in  the  descrip- 
tion of  tab.  xxxi.,  p.  78,  as  occurring  in  the  Petworth  Marble.  This 
was  afterwards  named  Cypris  Valdensis  by  Fitton  and  Sowerby. 

II. — 1.  Cypris  Valdensis,  Fitton.  Trans.  Geol.  Soc,  ser.  2,  1837, 
voL  iv.  pp.  177,  205,  228,  229,  259,  260,  297,  344,  and  352,  pi.  21, 

%1. 
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In  the  Weald  Clay  of  Kent,  SuBsex,  Snrrey,  L  of  Wight,  and  Dorset. 
In  the  Hastings  Sand  of  Kent,  Sussex,  and  Isle  of  Wight. 
In  the  Purbeck  beds  of  South  Wilts  and  Bucks.^ 

2.  Oypris  tuberculata,  Sow.  Ibid.  pp.  177,  206,  228,  345,  and 
352,  pi.  21,  figs.  2a,  6,  c. 

^^,.    In   the    Weald   Clay,  near  Hythe,   Kent;   near  Atherfield  and 
Cowleaze  Chine,  Isle  of  Wight ;  and  at  Punfield,  Dorset. 

3.  Cypris  spinigera,  Sow.     Ibid.  pp.  229,  345,  352,  pi.  21,  fig.  3. 
In  the  Weald  Clay  of  Sandown  Bay  and  Atherfield,  Isle  of  Wight 

Doubtfully  in  the  Purbeck  Beds  of  Portland,  eta 

4.  Cypris  granulosa^  Sow.     Ibid.  pp.  177,  260,  345,  pi.  21,  fig.  4. 
In  the  Hastings  Sand.  Sussex  (''Tilgate  Forest,"  Mantell). 

In  the  Purbeck  Beds  of  South  WQts. 

ni. — Sowerby*s  figures,  referred  to  above,  have  been  copied  agaiu 
and  again,  in  books  on  geology,  by  Lyell,  Mantell,  and  othei-s.  In 
Lyell's  "Elements  of  Geology,"  1838,  p.  348,  figs.  184-187,  wood- 
cuts are  given  of  Cypris  spinigera,  C.  Valdensis,  and  C.  tubercviata^ 
after  Sowerby's  engravings. 

In  his  "Wonders  of  Geology,"  3rd  edit.  1838,  Mantell  had  a 
woodcut  of  Cypris  granulosa;  and  in  the  7th  edit,  he  gave  figures 
of  C.  spinigera,  granulosa,  and  Valdensis.  In  his  "Medals  of 
Creation,"  1844,  he  reproduced  C.  Valdensis  and  C.  granulosa,  to- 
gether with  C,  tuberculata.  Sow.,  which  he  divided  into  C.  Fittoni 
(namely,  Bg.  2a  of  Sowerby's  plate)  and  C.  tuberculata  proper 
(=:fig.  26,  c).  See  also  "Medals,"  2nd  edit,  1854,  vol.  ii.  p.  527, 
Lign.  174,  f.  2  and  3. 

IV. — From  the  "  Wealden  "  beds  of  Hanover,  which,  however,  are 
related  to  the  Purbeck  rather  than  to  the  higher  series,  Fr.  A.  Edmer 
described  and  figured  some  Bivalved  Entomostraca  in  his  "  Die 
Versteinerungen  des  norddeutschenOolithen-Gebirges:  ein  Nachtrag." 
4to.  Hanover,  1839.     Thus  : 

p.  62.— 1.  Ct/pri*  Valdensis,  Fitton,  pi.  20,  fig.  20fl,  b, 

2.  G.  oblonga,  R.,  fig.  21. 

3.  C,  striatopunetata,  R.,  fig.  22a,  b, 

4.  C.  tuberculata,  Fitton,  fig.  23. 

5.  C.  granulosa,  Fitton,  fig.  24.     This  differs  from  the  C,  granulosa  of  Sow. 

and  Fitton  in  heing  one  of  the  OTate  (not  oblong)  forms,  and  in  haTing 

a  beak  and  notch, 
v. — Dr.   W.   Danker,  in  his   "Monographic   der  norddeutschen 
Wealdenbildung,"  4to.  Brunswick,  1846,  gave  a  fuller  account  of 
the  Hanoverian  Entomostraca.     Thus : 

p.  59. — 1.  Cypris  Valdensis,  Sow.,  pi.  13,  fig.  29a,  b. 

2.  C,  lavigata,  Dunker,  fig.  25. 
p.  60. — 3.  C.  oblonga,  Homer,  fig.  24  and  fig.  26a,  b. 

4.  61  striatopunetata,  Kom. ,  fig.  32. 

5.  C.  granulosa.  Sow.,  fig.  31a,  b. 

6.  C.  tuberculata  (P)   Sow.,  fig.  30a,  b.     This  differs  from  Sowerby's  C. 

tuberculata  in  being  oTate  and  notched, 
p.  61. — 7.  C.  rostrata,  Danker,  fig.  27. 

8.  C.  piHnaformis,  Danker,  fig.  28. 

^  Hampshire  is  incladed  in  the  *'  Hastings  Sand  *'  Column,  and  Kent,  Sussex, 
Hampshire,  and  Isk  of  Wight  in  the  *' Purbeck"  Column  of  the  Table,  at  page  352, 
evidently  horn  inadFertence. 
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VI. — In  the  Britisli  Association  Report  for  1850,  Transact. 
Sections,  pp.  79-81,  Prof.  Edward  Forbes  defined  several  species  of 
"  Cyprides  "  as  characteristic  of  the  several  divisions  of  the  Purbeck 
beds  of  Dorset  He  did  not  publish  figures  of  these  forms ;  but 
from  his  diagrams,  used  at  the  Museum  of  Practical  Geology,  Sir  C. 
Lyell  had  reduced  figures  drawn  for  his  **  Manual  of  Elementary^ 
Geology,"  3rd  edition,  1851,  p.  231.  In  the  sixth  edition  of  his 
"  Elements  of  Geology,"  1865,  they  are  thus  given : — 

p.  378,  fig.  368,  «.     Cypria  ffibboaa,  E.  Forbes.    [Near  C.  tpinigera^  Sow.] 

b, tuberetdatay  E.  Forbes.     [Near  C.  tubercHlata^  Sow.] 

e.    Uffuminella,  E.  Forbes. 

These  belong  to  the  "  Upper  Purbecks." 

p.  378,  fig.  371,  a.     Cypria  striatopunetata,  E.  Forbes.     [?  Fr.  A.  Romer.] 

b,     fiueieulaCay  E.  Forbes. 

e,     granulata,  E.  Forbes.     [?  C,  granulosa,  Danker.] 

These  belong  to  the  "  Middle  Purbecks." 

p.  387,  fig.  375,  a.     Cypru  rwrbeekemia,  E.  Forbes. 

b,     punctata,  E.  Forbes. 

Belonging  to  the  '*  Lower  Purbecks."* 

In  the  M^m.  Soc.  phys.  Hist.  nat.  Geneve,  vol.  xviiL  part  1, 
1865,  MM.  Lonol  and  Jaccard,  in  their  "  £tude  gool.,  etc.,  Villiers- 
le-Lac,"  etc.,  notice  an  Ostr«icod  as  Cypris  Purbeckenais,  Forbes,  p. 
81,  pL  2,  figs.  1 — 3 ;  but  it  is  difficult  of  determination  on  the  small 
figure  given. 

VII. — By  way  of  determining  the  specific  identities  or  differences 
of  the  above-quoted  fossil  Entomostraca,  we  may  take  the  leading 
characters  of  shape,  and,  especially  the  antero- ventral  notch,  and 
group  the  named  forms  accordingly.     Thus — 

!l.  OTate-oblong,  with  strong  notch  (common 
figured  specimen). 

mg^^wwm.       I  —  tubereulata,  Sow.    Oblong,  without  a  notch. 

—  granulosa.  Sow.     Oblong,  without  a  notch. 

—  spinigera,  Sow.     Oblong,  with  a  slight  notch. 

r  C,  Valdmsis,  Fitton.    Ovate,  with  a  strong  notch. 

(  —  oblmga,  R.     Ovate  (with  a  notch,  according  to  Dunker). 
Mamtf^a  )  —  atriatopunetata,  R.     Ovate  (with  a  notch,  according  to  Dunker). 
apseiea. —  1  —  tubereuiata,  Fitton.   Oblong,  without  a  notch. 

f  —  granulosa,  Fitton.     Oblong,  without  a  notch.     (Without  a  notch 

V  according  to  Dunker.) 

^  In  the  *'  Catalogue  of  the  CoUection  of  Fossils  in  the  Museum  of  Practical 
Geology,"  1866,  p.  26i,  the  following  are  enumerated: — 

Cypridea  faaeictUata,      \ 
punctata,         j 

Valdenais,       >  Middle  Purbeck. 

Cypris  striatopunctata,  \ 

Furbeckanais,      ) 

Some  of  tbeae  names  have  evidently  been  adopted  tcom  fotW. 
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C,  Valdmsitf  Sow.    Ovate  and  notched. 

—  Uwigata^  Dunker.   Ovate  and  notched. 
~-  obUmga,  Romer.     Elongate-ovate  and  notched. 

Dunkef's  1  —  Mtriatopunctata,  Romer.   Ovate  and  notched. 
9peei€s, —  I  —  ffranuloMf  Sow.  Ovate  and  notched. 

—  ?  tubereuUUaf  Sow.  Ovate  and  notched. 

—  rottrataf  Dunk.    Ovate  and  strongly  notched. 

—  pinnofformiSf  Dank.    Long-ovate  and  notched. 

Forbes's  species. — None  of  the  above-mentioned  rough  figures  of 
Forbes's  Porbeok  species  (page  105)  show  the  notch  in  any  degree  ; 
but,  being  drawn  from  various  points  of  view,  they  are,  of  course, 
not  satisfactory.  In  the  Catalogue  Foss.  Mus.  Pract  G^l.,  1865, 
above  quoted  (page  105),  C.  fasdculata,  punctata,  Purbechensis,  and 
tuberctdata  are  referred  to  Cypridea  ;  C.  striatopwictata  and  Purbeck- 
ensis  being  left  with  Cypris. 

§  8.  Bemarks  on  the  Wealden  Ostracoda, — Although  these  Entomo- 
straca  (Ostracoda)  have  been  so  generally  referred  to  Cypris,  it  is 
very  doubtful  if  any  of  them  belong  to  that  genus ;  in  all  proba- 
bility, the  majority  belong  rather  to  the  Cytheridcs  than  to  the 
OypridcB. 

The  classification  of  these  kinds  of  Bivalved  Entomostraca  ruus 

thus.^ 

OSTRACODA :      PODOCOPA. 

1.   CyPRIOJS.      2.    DABWINSLLADiB.       3.   CtTHBBIDJE. 

Cypria,  Darwinella,  Cythere, 

Candona,  Cytheridea, 

etc.  etc. 

Among  the  fossil  Ostracoda  of  the  Purbeck- Wealden  strata  there 
are  three  kinds  of  Carapace-valves. 

A. — For  the  most  part,  the  shape  and  structure  of  the  valves  are 
such  as  occur  more  especially  with  Cythere  and  Cytheridea  ;  difiering, 
however,  chiefiy  in  the  hingement,  which  wants  the  hnnrlings  of  the 
latter  and  the  distinct  teeth  of  the  former.  In  this  respect  they 
agree  best  with  the  forms  of  *'  Cytherideis  **  figured  in  Monogr. 
Tert.  Entom.,  1856,  pi.  2,  figs.  2,  3 ;  but  that  is  not  a  well-deter- 
mined genus. 

B. — Some  of  the  Wealden  Ostracoda  are  characterized  by  having 
an  antero-ventral  notch,  more  or  less  pronounced,  especially  in  the 
more  ovate  forms  of  C.  Valdensis ;  see  Monogr.  Fossil  EsiheriaB 
(Pal.  Soc.),  1862,  Appendix,  p.  127,  pL  5,  figs.  26  and  28.  The 
presence  of  this  feature  induced  M.  J.  Bosquet,'  of  Maestricht,  to 
suggest  that  such  species  should  be  referred  to  a  separate  genus 
—  Cypridea. 

As  a  matter  of  convenience,  it  will  be  well  to  use  this  name, 
although  as  yet  we  do  not  understand  the  physiological  value  of  the 
feature  in  question,  which  is  certainly  very  variable  in  development 
It  may  be  concerned  with  the  play  of  the  lower  antennsB ;  but  it  is 

*  Brady,  Crosskey,  and  Rohertson's  Monogr.  Brit  Post-Tertiary  Entom.,  Pal. 
Soc.  1874,  |>.  110,  etc. 

s  "  Description  des  Entomostraces  fossilee  des  Terrains  tertiaires  de  la  France  et 
de  la  Belgique/'  M6m.  cour.  Acad.  Roy.  Belg.,  vol.  xxiv.  1852 ;  page  47  of  the 
separate  memoir. 
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not  aooompanied  by  a  gaping  of  the  valves,  as  in  Asterope  and 
other  Cypridinads. 

The  cbaracterifltio  feature  of  Cypridea  is  sometimes  expressed 
only  by  a  very  small  notch  under  a  diminutive  beak,  or  by  even 
a  slight  indenture  below  and  behind  a  thickening  of  the  antero- 
ventral  angle,  as  in  Fitton's  specimen  of  C.  Valdenns,  fig.  1,  pL  21, 
Trans.  Oeol.  Soc.,  2nd  ser.  vol.  iv.  Sometimes  it  is  obsolete,  or 
traceable  only  by  a  curvature  of  the  inside  edge.  Sowerby's  G. 
tubercuUUa  and  C.  grantdosa  do  not  exhibit  any  notch  in  his  figures, 
nor  in  our  examined  specimens.  C.  granulosa  is  also  described  by 
Sowerby  as  wanting  the  anterior  "  lobe  "  seen  in  C.  Valdensia.  His 
fig.  3a.  of  C.  spinigera  does  show  a  linear  trace  of  the  notch,  de- 
fining a  marginal  lobe.  In  a  form  closely  related  to  G.  spintgera, 
shown  in  the  accompanying  Plate  (Figs.  9  and  10),  we  also  see  such 
an  antero- ventral  indentation.  In  Figs.  4,  5,  6,  and  7  of  our  Plate, 
we  have  several  conditions  of  a  form  related  to  Sowerby's  G.  granti- 
losa,  but  with  strong  indications  of  notch  and  beak. 

It  is,  of  course,  highly  desirable  to  make  as  few  generic  divisions 
as  possible  of  these  thick-shelled,  oblong  or  ovate-oblong  Ostracoda 
of  the  Wealden  and  Purbeck  beds.  If  "  notched  "  in  any  degree, 
they  may  be  referred  to  Cypridea  ;  but  it  is  often  difficult  to  deter- 
mine whether  or  no  the  notch  be  obsolete,  reduced  to  a  minimum,  or 
altogether  absent  Those  without  any  trace  of  the  notch,  such  as 
Sowerby's  C.  tuberctdata,  can  be  referred  only  to  Cythere  &t  present, 
unless,  on  the  ground  of  their  having  otherwise  a  general  re- 
semblance, we  venture  to  group  them  as  Cypridea  with  an  obsolete 
notch. 

C. — There  is,  however,  another  and  distinct  kind  of  Ostracodous 
valve  associated  with  the  foregoing  in  the  Shotover  hand-specimen 
of  Ironstone,  and  in  the  black  Cyrena-shale  of  Hanover.  These 
latter  I  wrongly  correlated  in  the  "  Monogr.  Foss.  Estherise "  (Pal. 
Soc.),  1862,  Appendix,  pp.  122  and  123,  with  Cypridea  Valdenais 
(Sow.)  and  C.  oblonga  (Roemer),  both  of  which  are  notched  and 
beaked.  After  further  consideration  I  am  satisfied  that  figs.  30-34 
in  pL  6  of  the  Appendix  to  the  "  Monogr.  Foss.  Esth."  are  closely 
related  in  form  and  structure  to  the  recent  Candona  Candida  (Miiller) 
and  its  allies ;  except,  perhaps,  that  fig.  31  may  be  a  DarwineUa, 
They  possess  neither  the  notch  nor  the  thick  shell  of  the  other 
Purbeck- Wealden  forms  ( Cypridea  Valdenna,  etc.)  ;  but  resemble 
very  much  some  common  Cypridea  and  Candona,  and  the  less-known 
DarwineUa,  in  their  thin,  shining,  oblong,  and  apparently  hingeless 
valves.  Fig.  30,  indeed,  somewhat  compressed,  and  drawn  with  the 
posterior  end  upwards,  is  probably  the  same  as  one  found  at  Shot- 
over,  and  may  bid  regarded  as  a  Candona ;  see  further  on.  Fig.  31 
is  extremely  like  DarwineUa  Stevenaoni,  Brady  and  Robertson,'  in 
outline.  Figs.  32-34  may  be  three  different  Cypridea  or  Candonca, 
as  far  as  the  valves  indicate  special  features.'    The  importance  of 

1  Monogr.  Post-Tertiary  Entom.  1874,  p.  141,  pi.  2,  fig.  13. 
*  We  may  remark  that  fie.  25,  on  the  same  plate,  representing  Candona  Kotahensu, 
from  the  Jurassic  beds  of  India,  has  ahnost  exactly  the  outlinA  ot  t&i<d  "raoeDX 
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giving  full  credit  to  differences  in  valve-structure  among  these  fossil 
Ostracods,  whose  recent  representatives  have  their  specific  characters 
so  largely  marked  in  their  limhs  and  soft  parts,  must  always  be  borne 
in  mind. 

§  4.  Description  of  the  species  from  Shotover. 

1.  Candona  Phillipsiana,  sp.  nov.  Plate  III.  Fig.  3.  Internal 
cast  of  a  left  valve ;  magnified  20  diameters. 

One  relatively  large,  brown,  shining,  internal  cast  on  the  piece  of 
fossiliferous  sandstone  from  the  Shotover  Ironsand  (see  above,  p.  103) 
indicates  a  right  valve  very  similar  to  that  of  Candona  Candida  * 
(Mtiller) ;  subreniform  or  ovate- trigonal ;  thick  and  high  in  the 
posterior  third ;  sinuate  on  the  ventral,  and  obliquely  convex  on  the 
dorsal  edge  ;  semicircular  in  front,  and  sloping  boldly  and  obliquely, 
with  a  gentle  curve,  behind.  The  cast  shows  by  slight  marginal 
ledges,  anterior  and  posterior,  that  the  edge  of  the  valve  was 
widened  by  an  inner  free  lamina,  as  in  Candona  candid^,  from 
which,  indeed,  this  species  is  distinguishable  chiefly  by  its  greater 
height  and  blunter  posterior  margin. 

It  differs  in  form  from  the  somewhat  similar  marine  Cyiherideis 
nohilis,  Brady,'  in  its  more  tapering  anterior  third,  less  sinuous 
ventral  margin,  and  far  more  oblique  posterior  outline. 

Associating  the  name  of  the  late  Prof.  John  Phillips  with  this 
rare  species,  I  dedicate  it  to  the  memory  of  that  eminent  geologist, 
one  of  the  most  earnest  workers  in  the  Shotover  formation.  Not 
long  before  his  death  he  was  much  gratified  by  the  information  that 
real  CypridcB  had  been  found  in  these  Ironstones. 

2.  Cypuidka  verrucosa,  et  var,  crassa,  sp.  et  var.  nov.  Plate  III. 
Figs.  4-7. 

Valves  oblong ;  convexity  greatest  at  the  posterior  third.  Surface 
pitted  or  coarsely  reticulate,  and  bearing  numerous  tubercles,  more 
particularly  on  the  anterior  and  posterior  thirds.  Front  edge  of 
each  valve  semicircular;  upper  and  lower  edges  nearly  parallel, 
except  in  the  advanced  stage  (or  variety  crassa,  Fig.  4),  in  which  the 
dorsal  border  is  convex.  Posterior  margin  rounded  with  elliptical 
curvature.  Antero- ventral  region  either  marked  with  a  slight  in- 
denture and  notch  (Figs.  6  and  7),  or  strongly  beaked  (Fig.  6).  In 
Fig.  4  (an  imperfect  and  partly  obscured  individual),  the  two  most 
forward  tubercles  to  the  left  of  the  reader  really  belong  to  the 
massive  lobe  or  beak,  better  seen  in  other  fragments,  and  clearly 
but  less  strongly  developed  in  Fig.  5.  The  gradation  between  these 
specimens  seems  to  be  complete. 

Figs,  o,  6,  and  7  approach  very  near  to  Cythere  (?)  granulosa  (Sow.) ; 
but  they  show  the  special  indenture  or  notch.  Fig.  4  somewhat 
resembles  Cythere  (?)  tuber culaia  (Sow.),  but  differs  notably  in  shape 
and  arrangement  of  tubercles. 

*  T.  Rupert  Jones,  Monogr.  Tert.  Entom.,  Pal.  Soc,  1856,  !>.  19,  pi.  1,  figs. 
6  and  8 :  G.  S.  Brady,  Monogr.  Rec.  Brit.  Entom.,  Trans.  Linn.  Soc.,  1868, 
p.  383,  pi.  25,  figs.  1-9 :  Brady,  Crosskey,  and  Robertson,  Monogr.  Brit.  Post-Tert. 
Entom.,  Pal.  Soc.  1874,  p.  135,  pi.  2,  figs.  29,  30. 

«  Tram.  Zool  Soc.  vol.  v.  (1866),  p.  368,  pi.  58,  fig.  9. 
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Fig.  4.     Partly  imbedded  and  partly  broken  left  valve. 

Fig.  6.     Shows  the  shell  (broken)  of  a  left  valve. 

Fig.  6.  Shows  a  restored  right  valve  from  a  hollow  impression  of 
exterior. 

Fig.  la.  Shows  the  shell  of  a  left  valve,  imperfect  at  the  notch. 

Fig.  76.  Shows  the  dorsal  aspect  of  the  same  specimen. 
These  are  all  magnified  20  diameters. 

Cypridea  verrucosa  has  some  resemblance  to  Lyell's  figure  of 
Cyprts  tvberculata,  Forbes.  But  the  latter  shows  no  notch ;  and,  if 
it  be  distinct  from  Sowerby's  C,  iubercnlata,  its  name  is  pre-engaged. 

3.  Ctpbidea  bispinosa,  sp.  nov.     Plate  III.  Figs.  9  and  10. 
Valves  ovate-oblong,  with  indenture  and  notch,  and  with  a  coarsely 

pitted  surface,  bearing  two  sharp  tubercles  on  the  posterior  third. 
This  has  a  near  relation  to  Cyprtdea  spinigera  (Sow.),  but  is  more 
oblong  in  shape,  having  a  straighter  ventral  edge ;  and  instead  of 
one  central  tubercle,  it  possesses  two  spinous  processes,  one  on  the 
postero-dorsal  third  of  the  valve,  and  one  below  and  rather  behind 
the  middle  of  the  valve. 

Fig.  9  is  restored  (reversed)  from  a  hollow  impression  of  the 
exterior  of  a  right  valve.  Fig.  10  is  an  internal  cast  of  a  left  valve, 
showing  traces  of  the  muscle-spot.    Both  are  magnified  20  diameters. 

4.  Ctpridea  Valdknsis  (Fitton).  Plate  III.  Fig.  8,  oblong  var. 
of  C.  Valdensis  (?)  ;  internal  cast,  showing  muscle-spot.  Fig.  11, 
outline  of  one  of  the  common  ovate  and  notched  forms  of  C,  Valdensis. 
Magnified  20  diameters. 

The  most  common  species  found  in  the  Wealden  is  that  which 
Sowerby  at  first  referred  to  Desmarest's  Cyprts  faba,  see  Min.  Conch., 
pi.  cccclxxxv.  (1824),  and  which  Fitton,  with  Sowerby,  subsequently 
named  Cyprts  Valdensis.  From  Sowerby's  figure,  and  from  the  many 
particular  Cypridiferous  strata  to  which  Fitton  alludes  in  his  memoir 
*'  On  the  Strata  below  the  Chalk,"  etc.,  we  know  that  the  specially 
abundant  form  to  which  he  refers  has  ovate-oblong  valves,  with  a 
decided  antero- ventral  beak  and  notch.  The  form  has  been  recog- 
nized also  by  Dunker  and  others  as  the  C  Valdensta.  The  figure, 
however,  given  by  Sowerby  and  Fitton  in  the  above-mentioned 
Memoir,  Trans.  Geol.  Soc,  2nd  ser.  vol.  iv.  pi.  21,  fig.  1,  is  unfortu- 
nately not  that  of  the  common  form,  but  of  an  oblong  variety  (if  not 
species),  with  the  notch  and  beak  indistinct  or  nearly  obsolete. 

The  ovate  and  strongly  beaked  form  of  C.  Valdensis  is  present 
(though  rare)  in  the  Shotover  sandstone  (Fig.  11).  It  is  narrower 
than  the  individual  drawn  in  the  "  Monogr.  Foss.  EstherisB,"  Pal. 
Soc.,  pi.  5,  fig.  28 ;  and  approaches  closely  Dunker's  figure  of  this 
species. 

Among  the  badly  preserved  casts  of  valves  in  the  iron-sandstone, 
is  one  of  an  oblong  carapace  (Fig.  8),  possibly  of  the  squarer  form  of 
C.  Valdensis,  since  its  surface  shows  no  trace  of  tubercles.  This  is 
of  considerable  interest  as  showing  marks  of  the  muscle-spot.  In 
this  valve  there  were  six  small  internal  pits;  three  parallel  in  a 
vertical  row,  with  one  oblique  mark  in  front  and  two  oblique 
behind. 
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Y.   OSTBAOODA  FBOM  THI  SUBWEALDBN  BoBINO  IN  SURSEX. 

1.  Ctpridka  Yalbensis  (Fitton).    Plate  III.  Figs.  13-15. 

In  a  bluish  limestone  of  the  Purbeck  series  in  the  boring  at  Lime- 
kiln Wood,  Netherfield,  near  Battle,  Sussex,  from  the  depth  of  85ft., 
we  have  numerous  specimens  of  single  and  double  valves  of  Ostra- 
coda,  mostly  Cypridea  Valdensis  of  the  common  ovate  form,  t.e. 
tapering  behind  with  a  postero-dorsal  slope.  They  are  slightly 
indented  at  the  posterior  angle;  and  all  have  the  antero- ventral 
notch.  In  all  these  particulars  they  differ  from  the  oblong  and 
slightly  notched  individual  figured  by  Fitton.  Some  are  shorter 
than  others,  and  relatively  higher ;  more  like  a  peach -stone  in  out- 
line ;  and  are  such  as  is  represented  in  fig.  28,  pi.  5,  Appendix, 
''Monog.  Foss.  EstherisB."  Analogous  forms,  together  with  still 
squarer  valves,  occur  in  the  hard  thin  shales  of  the  Weald  Clay  at 
Peasemarsh,  near  GuUdford,  Surrey ;  but  the  notch  is  obsolete,  or 
even  absent,  in  these.  These,  with  the  specimen  figured  in  Fitton's 
pi.  21,  fig.  1,  may  be  termed  Cypridea  Auateni. 

2.  Cypridea  granulosa  (Dunker).  f^ot  Cy there  ^  granulosa, 
(Sow.)]     Plate  m.  Fig.  16  ;  magnified  20  diameters. 

This  elongate-ovate,  notched,  and  somewhat  tuberculate  Cypridea, 
answers  well  to  Dunker's  fig.  3 la,  6,  pi.  13,  Cypris  granulosa,  p.  60, 
of  his  "Monogr.  Nordd.  Weald."  1846.  It  is  rarer  in  the  Netdefield 
Limestone  than  its  associates. 

3.  Candona  ?  vel  Cythere  ?  Plate  III.  Fig.  12  a,  b;  side  and  edge 
views  of  a  carapace ;  magnified  20  diameters. 

This  small,  neat,  smooth  carapace,  elliptic-oblong  in  outline,  with 
a  straight  dorsal  (?)  edge,  also  occurs  in  the  Subwealden  limestone 
at  85  feet.     It  is  impossible  to  define  its  genus  at  present 

4.  In  specimens  from  the  Subwealden  Boring,  with  which  I  was 

favoured,  in  1872-3,  by  Mr.  H.  Willett,  F.G.S.,  and  his  colleagues 

in  the  enterprise,  I  found  as  follows  : — 

Depth  84  feet. — Greenish  limestone,  having  smooth  fracture,  with  a  greyish  granular 
CypridiferoiiB  limestone  in  cracks  of  the  denser  portion.     Cypria  ?  (one)  sub- 
trigonal  and  very  delicately  striolate,  in  the  granular  portion.     CandoiuB  (?) 
suboblong  and  smooth,  on  a  bed-face  of  the  greenish  portion. 
Depth  86  feet. — Greenish-grey  earthy  Cypridiferous  limestone,  rich  with  Chara  also. 
Cypridea  Valdensis,  C.  grantUosa,  etc.     (See  above.) 
Chara  seed-vessels  and  stems. 
Depth  92  feet. — Grey  earthy  Cj'pridiferous  limestone,  consisting  of  layers  of  CNrprids 
with  intercalated  thin  seams  of  hard  shale ;  and  with  granular  (Cypridiferous) 
limestone  filling  cracks. 
Cythere  ?^ oblong  (new),  and  another  ? 
Minute  black  vegetable  stems. 
Depth   96  feet. — Greenish-grey  Cypridiferous  limestone,   consisting    of   alternate 
layers  of  Cyprids  and  shale. 
Cythere  ?  oblong.     (Like  that  at  92  feet.) 
Depth  103  feet. — Dark-^ey  earthy  limestone,  with  minute,  black  concretionary  (?) 

and  vegetable  (carbonized)  specks. 
Depth  136   feet. — Grey,  hard,   Cypridiferous,  banded  limestone,  like  those   from 
92  feet  and  96  feet,  but  harder,  and  with  its  structure  more  obscure.     Boles 
and  cracks  in  it  have  been  filled  with  a  more  granular  limestone. 

5. — In  a  black  shale  from  Archer  Wood,  near  Battle,  also  com- 
municated by  Mr.  Willett,  F.G.S.,  were  numerous  specimens  of  the 
ovate  Cypridea  Faldensis,  but  not  well  preserved. 
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111. — Geology  of  the  Channel  Islands. 
By  J.  A.  B1ED8,  B.A.,  F.G.S. 
(Continued  from  p.  86.) 

Part  II. — Post'Pliocene  Oeology. 

FOM  the  sandstone  (t),  which  Professor  Ansted  asserts,  though 
without  giving  his  reasons,  to  be  ''no  doubt  modem,"  and  to 
have  been  "deposited  before"  [just  before?]  "or  during  the  last 
great  elevation,"  down  to  the  superficial  clays  and  sands,  there  is 
not  a  scrap  of  any  other  Secondary  or  Tertiary  rock  in  situ  to  be 
found  on  any  of  these  islands.  We  leap  at  once  from  this  sandstone 
to  days  and  sands  of  Post-Tertiary  date.  Mr.  Duncan,  in  his 
History  of  Guernsey  (edit.  1841,  p.  613),  says  that  "  flint  and  chert 
nodules,  containing  impressions  of  shells,  etc.,  are  frequently  dis- 
covered beneath  the  soil  in  places  which  preclude  the  probable 
transport  by  the  hand  of  man." 

**  This,"  he  adds,  **  is  especially  the  case  on  the  denuded  summit 
of  the  gneiss  of  the  South  of  Guernsey."  1  conclude  he  means 
in  the  brick-clays  and  sands  covering  the  S.E.  comer  of  the 
island.  I  have  myself  traced  these  clays,  etc.,  from  near  the 
Doyle  Column  on  Jerbourg  Point,  round  by  St.  Martin's  and 
St.  Andrew's  Churches,  to  the  Foulon  Cemetery,  and  the  Amherst 
Road  above  St  John's  Church,  in  St.  Peter's  Town ;  and  I  found 
two  or  three  small  specimens  of  chalk  flints  in  the  clay  associated 
with  pebbles  and  fragments  of  gneiss,  granital,  quartz,  and  other 
rocks  of  the  neighbourhood.  The  island  of  Sark,  in  the  same 
manner,  is  covered  at  various  points  with  a  coating  of  clay  con- 
taining stones,  generally  derived  from  the  underlying  rocks ;  but,  at 
the  old  mine-heaps  in  Little  Sark,  1  found,  beside  these,  a  fragment 
of  amygdaloid,  and  another  almost  perfectly  hexagonal  fragment  of 
basalt,  not,  so  far  as  I  know,  derived  from  any  of  these  islands. 
Aldemey,  again,  is  said  to  contain  almost  inexhaustible  supplies  of 
brick-clay,  which  has  probably  a  similar  derivation. 

Jersey,  also,  is  covered  in  many  places  with  brick-clay  and  sand, 
especially  around  St.  Helier's ;  but  no  chalk  flints  have  been  found 
in  these  deposits.  Upon  the  shores,  however,  of  all  the  islands, 
without  exception,  chalk  flints  occur,  and  in  some  places  very 
abundantly.  Dr.  MacCulloch  in  1811  says  that  he  "picked  up  flints 
upon  the  beach  at  Aldemey,"  and  Professor  Ansted  calls  attention  to 
a  singular  profusion  of  chalk  flints  often  of  large  size  in  Port-Saie, 
on  the  N.E.  of  Jersey ;  and  also  on  the  beach  at  Grouville  Bay  ; 
and  he  appears  to  think,  from  their  being  found  chiefly  in  the 
neighbourhood  of  the  newer  conglomerate  (A),  that  they  may 
possibly  have  been  derived  from  it.  They  have  not,  however,  he 
admits,  ever  been  seen  in  situ  in  the  conglomerate  itself.  1  can  add 
that  ihe  flints  are  to  be  found,  though  not  in  equal  abundance,  in  St. 
Clement's  Bay  and  the  Gr^ve  d'Azette  on  the  south,  and  in  Bouley 
Bay  on  the  north — in  fact,  on  all  the  shores  of  the  eastern  half  of 
Jersey.    They  are  wanting,  Professor  Ansted  says,  on  tii^  ^^^Xatcw 
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side.  In  Guernsey,  however,  they  are  plentifal  in  all  the  bays  on 
the  west  and  north-west — ^in  Booquaine — but  especially  in  Vazon 
and  Cobo  Bays,  and  Grand  Havre ;  while  they  are  also  to  be  found 
in  Bellegr^ve  Bay  on  the  east;  and  even,  though  sparingly,  in 
Moulin  Huet  and  Saint*s  Bay  on  the  south.  They  occur  too  in 
Icart  Bay  and  at  Epercherie  in  Sark. 

Now  what  is  the  origin  of  all  these  coverings  of  day  and  sand, 
and  of  the  chalk  flints  ?  It  is  very  improbable  that  any  of  it  is  true 
Boulder-clay,  belonging  to  the  first  continental  period.  But  few 
boulders,  and  no  "  scratched  *'  blocks,  or  stones,  have  been  observed 
in  it  Nor  are  there  any  of  the  other  usual  glacial  signs  to  be  seen 
upon  the  islands.  Nor  again.  Prof.  Ansted  says,  ''  is  there  any  gravel 
consisting  of  transported  pebbles  of  foreign  material  *'  to  be  found 
there.  Much  of  the  clay  and  sand  may  have  been  derived  from  the 
decomposition  of  the  underlying  porphyries  and  syenites.  Much, 
however — especially  that  in  the  S.E.  of  Guernsey — has  the  appear- 
ance of  a  genuine  drift ;  and,  unless  a  more  probable  origin  can  be 
suggested,  I  should  be  inclined  to  refer  it  to  the  intraglacial  period 
of  submergence ;  to  which  also  I  would  refer  the  presence  of  the 
chalk  flints  upon  the  shore. 

The  question,  however,  arises :  how  could  this  be  if,  as  exhibited 
in  the  '*  Map  of  the  supposed  submergence  of  the  British  Isles  and 
N.W.  of  Europe," » the  South  of  Illi|bnd  and  N.W.  of  France,  etc., 
had  been  dry  land  ?  We  might  indeed  suppose  that  ice  coming  from 
the  north,  and  loaded  with  clay  and  flints,  etc.,  occasionally  made 
its  way  through  the  Straits  of  Dover,  or  up  the  Channel,  and  de- 
posited its  freight  around  the  Channel  Islands ;  and  this  would 
account  for  the  flints  now  found  on  the  shores,  but  it  would  not 
account  for  the  clays  containing  flints,  as  in  the  S.E.  of  Guernsey, 
200  or  300  feet  above  the  sea. 

Since  1846,  however,  when  E.  Forbes  first  expressed  the  opinion 
that  'Hhe  South  of  England  and  Ireland  were  in  all  probability 
unsubmerged  during  the  Glacial  epoch,"  *  a  certain  amount  of  evi- 
dence has  been  gathering  which  seems  to  show  that  this  opinion 
must  be  modified,  and  that  at  all  events  the  greater  portion  of  the 
South  of  England,  as  well  as  perhaps  the  N.W.  of  France  and 
Belgium,  were  submerged  in  the  interval  between  the  two  conti- 
nental periods. 

For  example,  in  1853,  Mr.  Trimmer,  the  discoverer  of  the  drift 
on  Moel  Tryfaen,  pointed  out  that  there  were  three  sets  of  gravels 
south  of  the  Thames,  viz.  at  Shooter's  Hill,  Dartford,  and  Kochester, 
the  northern  origin  of  which  was  proved  by  their  contents.*  Among 
other  northern  stones  he  found  a  peculiar  kind  of  quartzose  pebbles, 
which  had  previously  been  traced  by  Dr.  Buckland  from  their  original 
home  in  a  Triassic  conglomerate  on  Cannock  Chase,  down  the  valley 
of  the  Avon  into  Worcestershire;  and  thence,  over  depressions  in 
the  Cotteswold  Hills,  to  Oxford,  and  so  down  the  valley  of  the 

*  Antiquity  of  Man,  p.  276. 

'  Mem.  Geol.  Sunr.  vol.  i.  p.  364. 

'  Quart.  Joum.  Geol.  Soc.  vol.  ix.  1853,  part  iii.  of  Mr.  Trimmer's  paper. 
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Thames  as  far  as  Hyde  Park.*  These  gravels  Mr.  Trimmer  regards 
as  contemporaneous  with  the  rolled  gravel  and  upper  erratics  of  the 
counties  north  of  the  Thames,  i.e,  of  Middle  Glacial  age. 

Mr.  Trimmer  again,  from  the  presence  of  Boulder-clay  at  Youghal 
in  the  South  of  Ireland,  and  from  grooved  and  scratched  blocks  in 
the  south  of  Co.  Kerry,  infers  that  "the  South  of  Ii^eland  was 
subject  to  glacio-marine  operations ; "  and  he  adds  that  "  the  boun- 
daries which  have  been  assigned  to  the  Boreal  Ocean*  in  order  to 
explain  the  relations  of  the  existing  fauna  and  flora  of  the  British 
Isles'  will  require  considerable  modification,"  that  is,  as  I  understand 
him,  an  extension  further  south. 

Again,  the  same  writer  quotes  from  Butter's  "Delineation  of 
Somersetshire"  (1829)  to  the  effect  that  "a  bed  of  rolled  gravel, 
associated  with  the  bones  of  diluvial  quadrupeds,  was  then  to  be  seen 
at  the  mouth  of  the  Avon ; "  and  further,  that  ridges  of  sand  and 
shingle  "  are  occasionally  found  in  Somersetshire  rising  up  through 
alluvial  deposits ; "  e.g.  at  Tatton,  where  a  section  of  these  was  to 
be  seen  in  the  railway  cutting.'  Lastly,  Mr.  Trimmer  has  described 
a  bed  of  gravel  on  the  summit  of  Glevedon  Down,  300  feet  above 
the  sea,  which  he  considers  to  be  of  Post-Pliocene  age.  The  late 
Prof.  Beete  Jukes  was,  perhaps,  deceived  as  to  the  existence  of 
glacial  markings  in  the  valley  of  the  £xe;^  but  Mr.  G.  Maw  has 
pointed  out  a  deposit  of  what  he  believes  to  be  Boulder-clay  at 
Fremington,  near  Barnstaple,^  and  he  is  supported  in  this  opinion 
bv  the  Rev.  W.  S.  Symonds,  who  believes  that  "  it  may  be  a  glacial 
Till  like  that  of  Bovey  Tracey."'  This  Till  itself  agam  is  another 
argument  in  favour  of  the  submergence  of  a  considerable  portion  of 
the  South  of  England.  At  Petrockstow,  in  the  centre  of  Devon- 
shire, there  is  said  to  be  an  isolated  bed  of  Dartmoor  gravel,  which 
has  travelled  twelve  miles  from  its  source.  This,  too.  is  identified 
with  the  glacial  clay  of  Bovey  Tracey.  Chalk  flints,  I  believe,  are 
to  be  found  more  or  fewer  on  all  the  coasts  of  Cornwall  and  Devon- 
shire. I  have  myself  found  them  along  the  coast  of  North  Devon  as 
well  as  on  Paignton  Sands,  near  Torquay,  and  under  Petit  Tor,  St. 
Mary  Church,  in  the  south.  -  At  Newton  Bushel,  a  few  miles  north 
of  Torquay,  there  is  a  very  remarkable  deposit  of  flint-gravel,  100 
and  more  feet  above  the  sea,  which  alone  would  imply  the  recent 
submergence  of  this  part  of  the  country  to  at  least  that  depth.  These 
flints,  as  well  as  some  Greensand  gravel  on  the  opposite  side  of  the 
valley,  are,  apparently,  relics  of  a  mass  which  has  floated  from  the 
north.  So  much  for  the  evidences  of  submergence,  of  at  least  a 
great  portion  of  the  South  of  England,  in  the  intraglacial  or  intra- 
continental  period. 

What  similar  evidences  may  exist  of  submergence  of  the  north  and 
north-west  of  France  and  Belgium  I  am  not  prepared  to  say.     Some 

1  Trans.  Geol.  Soc.  toI.  t.  p.  251. 

s  Mem.  Geol.  Soit.  yoL  i.  plate  7. 

*  Qiurt.  Journ.  Geol.  Soc.  vol.  ii.  pp.  282-286. 

*  Gbol.  Mao.  Vol.  II.  p.  473,  and  Geol.  Quart.  Joum.  vol.  xxiv.  1858,  p.  3. 
^  Quart.  Jonm.  Geol.  Soc.  vol.  xx.  1864,  p.  445. 

*  Becoidi  of  the  Rocks,  by  Ber.  W.  S.  Sjmonds,  p.  278. 
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years  ago  I  ventared  to  describe,  in  this  Magazine,  a  bed  of  chalk 
flints  near  Spa,  in  Belgium,^  which  I  imagined  might  have  been 
deposited  by  floating-ice  at  the  epoch  in  question.  If  this  was 
the  case,  and  supposing  the  submergence  to  have  been  uniform  and 
general,  it  must  have  been  to  a  depth  of  1600 — 2000  ft,  which 
would  have  reduced  all  Europe  north  of  the  Alps  and  Pyrenees  to  a 
sea,  with  only  a  few  mountain  or  hill  ranges — as  the  Harz,  the 
mountains  of  the  Black  Forest,  the  Yosges,  the  hills  of  Central 
France,  and  some  few  summits  in  Brittany,  remaining  as  islands  in 
the  midst  of  the  waters. 

This  bed  of  chalk  flints,  therefore,  I  am  unwilling  to  cite  as  evi- 
dence of  submergence ;  although  it  is  not  necessary  to  assume  that 
the  depression  was  either  uniform  or  general. 

But  to  return  to  the  question  of  the  clays,  etc.,  and  flints  of  the 
Channel  Islands,  and  the  probable  origin  of  their  presence  there. 

Only  two  or  three  causes,  it  is  evident,  are  probable  or  possible. 
Either  (1)  they  are  the  relics — and  meagre  ones  indeed — of  a  former 
extension  of  ihe  Chalk  or  some  later  formation  containing  flint- 
gravel  upon  or  near  the  spot ;  or  (2)  they  must  have  been  trans- 
ported from  a  distance,  and  that  either  by  oceanic  currents,  or  by 
ice :  and  of  these  two  alternatives  the  latter  is  surely  far  the  more 
probable. 

It  is  not  necessary  indeed,  as  was  said  above,  to  suppose  that  the 
South  of  England  was  submerged  so  as  to  allow  of  the  passage  of 
ice-rafts  in  a  direct  line  from  the  north ;  these  might  still  have 
wandered  up  and  down  the  Channel  from  the  S.W.  or  N.E., 
occasionally  bringing  freights  of  chalk  and  flints  with  them.  That 
such  ice-ships  were  wafted,  even  from  the  south,  has  long  since 
been  inferred  from  the  presence  of  erratic  blocks  on  the  coast 
around  Selsea  Bill  and  Pagham,  which' are  believed  to  have  come 
from  Brittany  or  the  Channel  Islands.  These  blocks,  indeed,  are 
adduced  as  evidence  of  an  ancient  coast-line  existing  there  during 
the  intracontinental  period — and  therefore  of  the  non-submergence 
of  the  South  of  England.  No  one,  however,  can  say  how  far  such 
a  coast-line  might  have  extended  east  and  west ;  and,  therefore,  it  is 
scarcely  an  argument  against  a  general  submergence  of  the  country 
south  of  the  Thames  and  the  Bristol  Channel  such  as  I  have  been 
advocating — in  which  case,  it  is  obvious  that  the  amount  of  chalk 
and  flints  borne  southwards,  e.g.  over  Salisbury  Plain,  and  between 
it  and  the  Mendips.  would  be  very  greatly  increased.  Also,  if  the 
submergence  extended  to  the  Channel  Islands,  it  would  account  for 
the  clays,  etc.,  containing  flints  (on  the  summit  of  Guernsey),  which 
would  not  be  accounted  for  otherwise. 

The  evidences  of  elevation  of  the  British  Isles  during  the  first  and 
second  continental  periods,  and  of  submergence  in  the  intermediate 
time,  are  clear  and  numerous,  as  regards  the  country  north  of  the 
estuary  of  the  Thames  and  the  Bristol  Channel ;  and  as  yet  they 
are,  and  perhaps  always  will  be,  few  and  obscure  to  the  south  of 
that  line  ;  but  is  it  reasonable  to  suppose  such  enormous  movements 

»  Gbol.  Mao.  1866,  Vol.  III.  p.  601. 
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— speaking  roughly,  some  thousands  of  feet  of  elevation  above — 
2000  ft.  depression  below — 600  ft.  again  elevation  above  the  present 
level,  in  the  north ;  and  that  the  south  should  have  shared  in  the 
first  and  the  last  of  these  movements,  as  it  must  have  done,  foi{ 
England  to  be  united  with  the  Continent,  but  that  it  should  have 
bad  no  corresponding  share  in  the  intermediate  one  ?  Surely  this  is 
highly  improbable  d  priori.  There  cannot  be  any  magic  in  the 
line  between  the  mouth  of  the  Thames  and  the  Bristol  Channel 
that  it  should  present  an  effectual  obstacle  to  the  continuation  of  a 
movement  which  must  have  been  due  to  deep-seated  and  wide- 
spread causes  operating  within  the  crust  of  the  earth. 

IV. — ^MlCBASTSBS  IK  THE  EnOUSH  ChALK — ^TwO  OB  MORE  SpEGIES  ? 

By  C.  J.  A.  Mbter,  F.G.S. 

To  the  student  of  Cretaceous  paleeontology  there  could  be  suggested, 
probably,  no  more  puzzling  question  than  that  of  the  determina- 
tion of  the  species  of  the  genus  Micraster,  It  seems  not  unlikely 
that  Professor  Forbes  was  of  this  opinion  when,  in  1850,^  he  reduced 
to  varieties  of  a  single  species — ^that  of  Micraster  cor-anguintim — no 
fewer  than  seventeen  previously  supposed  species,  or  subspecies,  of 
the  genus.  It  is  true  that,  out  of  compunction,  perhaps,  for  such 
wholesale  slaughter,  he  forthwith  established  one  new  species,  the 
Mieriuier  cor-bovis,  and  pointed  out  the  pi*obable  existence  of  another 
— **  a  small  Micraster  with  a  very  elevated  extremity  from  the  Chalk 
of  Lyme."  This,  however,  seems  scarcely  to  make  up  for  the 
absorption  or  obliteration  of  all  but  one  of  the  previously  described 
species.  And,  seeing  that  several  of  these  so-called  varieties  of 
Micraster  cor-anguinum  are  recognized  as  species  by  many  conti- 
nental pakdontologists,  it  becomes  an  interesting  subject  for  inquiry 
whether  our  English  Chalk  does  not  contain  more  than  one  species 
in  addition  to  the  recognized  Micraster  cor-angtUnum  and  eor-hovis  f 

The  genus  Micraster ,  as  defined  by  Agassiz,  appears  to  have  met 
with  very  general  acceptance.  Its  stratigraphioal  range  is  brief. 
Its  extreme  of  variation,  although  considerable,  is  not  great  as  com- 
pared with  that  of  many  other  genera.  Whence  then  has  arisen  so 
wide  a  difference  of  opinion  in  respect  to  the  number  and  value  of 
its  species  ? 

This  question  has  not  unfrequently  occurred  to  me  when  seeking 
some  palpable  distinction  between  specimens  of  Micraster  seemingly 
different.  The  answer  appears  to  lie  in  the  smallness  of  the  differ- 
ence between  one  species  or  specimen  and  another. 

It  is  embarrassing,  certainly,  to  find  that  in  a  given  series  of 
specimens  one  should  feel  compelled  to  recognize  either  several 
species  or  variations  only  of  a  single  species  according  to  the  mode 
of  arrangement  of  the  specimens,  and  yet  such  appears  to  be  practi- 
cally the  case.  Arrange  the  specimens  irrespectively  of  strati- 
graphical  considerations,  as  Forbes  appears  to  have  done,  and  it  is 
possible  to  obtain  such  a  graduated  series  as  shall  apparently 
obliterate  all  marked  distinctions  of  length,  breadth,  and  height. 

^  Mem.  Oeol,  Surr.  decade  iii. 
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Arrange  them,  as  Nature  has  done,  stratigraphically,  and  one  cannot 
but  allow  of  certain  distinctions  not  otherwise  so  readily  apparent. 
In  the  one  case,  however,  one  will  have,  unintentionaUy,  grouped 
together  specimens  in  which  the  position  of  the  mouth,  or  peristome, 
will  be  as  different  as  appears  in  the  outline  figures  1  and  2. 

Fio.  1.  Fio.  2. 


In  the  other,  or  natural,  arrangement,  the  position  of  the  mouth 
will  be  found  to  be  almost  constantly  the  same  in  specimens  from 
the  same  geological  horizon,  and  widely  different  only  between 
those  from  different  horizons.  And  it  will  be  observed  that  a  cor- 
responding variation  takes  place  in  respect  to  the  position  of  the 
apical  disk.  In  the  natural  arrangement  of  the  specimens  one 
obtains,  in  fact,  an  almost  regular  gi^dation  in  the  relative  positions 
of  the  mouth  and  apical  disk  (as  shown  in  Fig.  3),  and  a  gradation 
also,  more  or  less  regular,  in  oUier  minor  points  of  difference. 

e    d  e  b 


a 


Fio.  3. 


Fio.  3.— In  which  the  chan^ng:  relative  positions  of  the  month  and  apical  disk 
are  indicated  bjr  the  liuea  a-a,  b^b^  etc. 
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Practioally  then  the  Mieraaters  of  one  horizon  in  the  Chalk  differ 
firom  those  in  the  preceding  or  sucoeeding  horizon  in  a  manner 
which  is  snggestiye  rather  of  progressive  development  than  of 
simple  variation. 

But  there  are  other  less  apparent,  yet  not  less  actaal,  differences 
between  the  various  forms  or  species  of  Micraster.  One  of  these 
consists,  as  has  been  well  shown  by  Prof.  Hubert,'  in  the  arrange- 
ment of  the  granules  on  the  petaloid  portion  of  the  dorsal  ambulacra. 
Another  difference  may  be  observed  in  the  ornamentation  of  the 
base  of  the  test  Yet  another  in  the  number  of  plates  impinging 
on,  or  notched  by,  the  anal  opening,  which  varies  apparently  from 
seven  in  the  earlier  species  to  five  and  sometimes  four  only  in  the 
later  forms,  or  species,  in  the  English  Chalk.  Independently,  there- 
fore, of  differences  of  height,  length,  and  breadth,  which  vary  to 
some  extent  in  the  same  species,  and  setting  aside  Micraster  cor-bovis, 
and  the  extreme  form  of  M.  gibbus  now  generally  recognized  as  an 
Epiaster,  there  would  appear  to  be  greater  constant  differences 
between  the  Mierasters  of  the  English  Chalk  than  is  consistent 
with  simple  variation. 

Have  we  then  indeed  but  two  species  of  Micraster  in  the  English 
Chalk  ?  For  myself  I  am  inclined  to  the  opinion  that  we  have  not 
two  species  only,  but  several  species,  as  many  possibly  as  six  or 
seven.  What  these  represent  may  possibly  form  the  subject  of  a 
future  note. 

V. — Paubontologioal    Notes. 

By  B.  Ethsridob,  jnn.,  F.G.S. 
(Continued  from  Vol.  lY.  N.S.  p.  320.) 

1.  DsMTALiuH  INOEN8,  dc  Kouinck,  and  D.  ornatum,  de  Eon. 
(Desorip.  Animaux  Foss.,  pp.  317  and  818,  t  22,  f.  2  and  3).— 
The  first  of  these  species  has  been  often  recorded  from  Scotch 
Carboniferous  rocks,  but,  so  far  as  I  am  aware,  the  second  is  new 
not  only  to  Scotland,  but  in  British  Carboniferous  rocks  generally. 
Specimens  were  forwarded  to  Prof.  L.  G.  de  Eoninok,  M.D.,  who 
was  kind  enough  to  confirm  my  determination.  Our  specimens  of 
both  the  above  species  show  the  growth  striss  of  the  shell  to  have 
been  waved,  like  the  septa  of  some  Orthoceratites,  consequently  I 
presume  the  anterior  apertures  would  be  similar.  In  Prof,  de 
Koninck's  figures  the  striad  are  oblique,  and  the  anterior  aperture 
is  described  as  oblique.  D.  ingens  is  from  the  shale  above  the  Skate- 
raw  Limestone  (L.  Carb.  Limestone  Group)  at  East  Bams,  near 
Dunbar,  and  D.  ornatum  from  shale  above  the  Roscobie  Limestone  at 
Bosoobie. 

CoUeetor,  Mr.  James  Bennie. 

2.  RuTNCHONSLLA  or  Obthis,  n.  sp.(?). — A  very  peculiar  Carbon- 
iferous Braohiopod  has  lately  come  to  light ;  unfortunately  we  have 
only  one  specimen  at  present,  and  that  not  quite  perfect  about  the 
hinge.     The  shell  in*  question  is  minute,  about  the  size  of  a  small 

1  Mem.  Soc.  Geol.  de  France,  2  ser.  torn.  y.  pi.  xxix.  ^g.  \\A^. 
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pea,  and  very  closely  reserables  in  form  and  general  characters  the 
Silurian  OrthiB  hiloba.  We  have  only  one  valve,  the  ventral  (?), 
which  is  markedly  bilobed,  with  numerous  close  fine  longitudinal 
ribs.  The  specimen  was  forwarded  to  Mr.  T.  Davidson,  F.R.S., 
who,  on  returning  it,  said,  ''In  outward  shape,  as  you  justly  remark, 
it  much  resembles  Orthis  oiloba  from  the  Silurian  rocks,  but  you 

say  your   specimen   is    Carboniferous Unfortunately  the 

hinge-line,  or  part  close  to  the  hinge,  in  the  interior,  is  not  well 
preserved,  so  that  it  is  difficult  to  determine  whether  it  is  an  Orthis 

or  a  BhynchoneUa If  it  were  Silurian,  I  should  almost  take 

it  to  be  Orthis  hilohaJ^  It  will  perhaps  be  best  to  catalc^e  it  as 
BhynchoneUa  f  sp.,  until  the  discovery  of  further  specimens  shall 
enable  us  to  arrive  at  a  more  definite  conclusion. 

Loe,  and  Horizon. — Skateraw,  near  Dunbar,  in  Lower  Carbon- 
iferous Limestone  shale. 

CoUeetor,  Mr.  J.  Bennie. 

3.  PsNTREMiTKS,  sp. — So  far  as  I  am  aware,  this  genus  has  not 
been  recorded  from  the  Scotch  Carboniferous  series.  We  have  in 
the  collection  of  the  Scotch  Survey  a  portion  of  a  minute  ambu- 
lacrum, washed  amongst  other  small  things  from  a  sample  of  shale 
by  Mr.  Bennie.  The  form  of  the  ambulacrum  when  perfect  would 
be  lanceolate,  with  a  minute  flexuous  ambulacral  groove.  The 
latter  is  crenulate  on  the  sides,  giving  off  short  alternate  lateral 
grooves  which  communicate  with  sockets.  From  the  slits  or  holes 
in  the  lateral  margins  of  the  ambulacrum  run  in  other  grooves, 
which  lead  to  larger  sockets  than  those  terminating  the  branch 
ambulacral  grooves,  and  set  alternately  with  the  latter.  The  under- 
surface  of  the  ambulacrum  is  flattened.  These  features  are  so  like 
those  described  by  the  late  Mr.  Billings  in  the  ambulacra  of 
Peniremites  pyriformis  (Canadian  Pal.  Fobs.  voL  ii.  pt  i.  p.  114), 
that  I  think  it  very  probable  the  small  ambulacrum  in  question  is 
that  of  a  Pentremite.  It  is  quite  different  from  that  of  Astrocrinites 
Benniei  (mihi). 

Loe.  and  Uorizon. — Carlops  Quarry,  Peebleshire,  shale  over  the 
Carlops  Limestone,  Lower  Carboniferous  Limestone  Ghroup. 
Collector  J  Mr.  J.  Bennie. 

4.  Spiborbis  8PIN08A,  dc  Eoninck  (Descrip.  Anim.  Foss.  Terr. 
Carb.  Belgique,  p.  58,  t.  G.  f.  8,  a-c). — This  species  occurs  in  the 
Scotch  Carboniferous  system  sparingly.  I  recognized  a  few  ex- 
amples in  some  washings  obtained  at  Gkir,  Lanarkshire,  a  few 
years  ago  by  Mr.  Bennie,  from  shale  above  the  Gair  Limestone  (Up. 
Carb.  Limestone  Group),  and  have  since  seen  it  from  one  or  two 
other  localities. 

5.  Chonetbs  polita,  M*Coy. — Both  M*Coy  (Brit  Pal.  Foss.  p.  457, 
t.  3d,  f.  30)  and  Davidson  (Men.  Brit.  Carb.  Brachiopoda,  p.  190, 
t.  47,  f.  8-11)  describe  and  figure  this  species  as  possessing  a  smooth 
shell.  I  find,  however,  that  many  examples  from  localities  in  the 
neighbourhood  of  Edinburgh  show  that  the  shell  was  marked  longi- 
tudinally with  faint,  semi -effaced,  flattened  ribs  or  strisB,  usually 
much  more  marked  towards  the  front  margin. 
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Localities  and  Horizon. — Sbale  above  the  No.  1  Limestone  of  the 
Mid-Lothian  Carboniferous  area  at  Fernie-hill,  Qilmerton,  near 
Edinburgh;  Cousland  and  Darcy  Quarries,  near  Dalkeith,  and 
numerous  other  localities  in  the  Lothians  and  Fife. 

Collector,  Mr.  J.  Bennie. 

6.  Hyalonsma,  sp. — As  supplementary  to  tbe  localities  given  by 
tbe  Messrs.  Young  for  Hyalonema  paraUela^  M*Coy,  in  their  in- 
teresting paper  on  that  form  (Annals.Nat.  Hist,  Nov.  1877),  I  can 
afford  the  following  in  the  East  of  Scotland  where  tbe  **  rope"  may 
be  obtained  in  fine  condition,  viz.  Petershill  and  Gralabraes  Quarries, 
near  Bathgate ;  Tartraven  Old  Quarry,  near  Linlithgow ;  Charles- 
town  Quarry,  near  Inverkeithing ;  Roscobie  Quarry,  near  Dunferm- 
line ;  Laddedie  Quarry,  near  Cupar ;  Airfield,  near  Cousland  by 
Dalkeith.  From  two  other  localities  we  have  similar  "  rope  "-like 
bodies  exposed  on  the  surface  of  some  weathered  shale  which  appear 
to  differ  from  the  typical  H,  pnraUela  in  certain  particulars.  They  are 
of  considerable  length,  forming  long  undulate  bundles,  the  rods  being 
far  finer  than  in  H,  parallela,  quite  hair-like  and  apparently  retaining 
their  size  throughout  the  whole  mass  in  a  much  more  constant  man- 
ner than  in  the  described  form.  I  have  not  yet  seen  sufficiently 
complete  examples  of  iT.  parallela  to  say  whether  this  is  only  a 
portion  of  an  example  of  that  species  or  a  distinct  form.  I  had,  how- 
ever, provisionally  labelled  the  specimens  in  question  H.  Toungi,  after 
Mr.  J.  Young,  F.G.S.,  who  has  been  chiefly  instrumental  in  working 
out  the  affinities  of  the  long-known  Serptda  parallela,  M*Coy,  and 
as  such  I  shall  keep  them  until  further  evidence  is  acquired. 

Locality  and  jEFonzon.  — Billhead  and  Whitfield  Quarries,  near 
Macbiehill  Station,  shale  above  the  No.  1  Limestone,  Lower  Carboni- 
ferous Limestone  Group. 

Collector^  Mr.  James  Bennie. 

I.— Avs  Irland.  Yon  Da.  Abnold  von  Lasaulx.  Mit  26 
Abbildungden  in  holzschnitt,  1  Karte  von  Irland,  und  1 
Tafel  in  Lichtdruck.     (Bonn,  1878.) 

IN  the  summer  of  1876,-  Dr.  von  Lasaulx,  in  company  with  his 
colleague,  Dr.  Ferdinand  Koemer,  of  the  University  of  Breslau, 
paid  a  long-meditated  visit  to  "  the  Green  Isle,"  and  in  the  hand- 
aome  volume  before  us  we  have  tbe  recorded  impressions  of  one  of 
the  travellers,  not  only  on  the  physical  and  natural  history  of  the 
coantry,  but  on  its  inhabitants  and  institutions.  It  is  certainly 
highly  to  the  credit  of  the  author,  and  illustrates  his  industry  in 
observing  the  scenes  around  him,  and  in  collecting  information  from 
every  available  source,  that  within  the  space  of  a  three-weeks*  tour 
he  ^ould  have  succeeded  in  making  himself  so  fully  acquainted 
with  the  scenery,  physical  features,  and  geology  of  the  country, 
together  with  the  specialities  of  its  inhabitants.  As  regards  the 
latter,  we  think  he  is  on  the  whole  unduly  depreciatory,  and  scarcely 
does  justice  to  the  great  strides  which  art  and  civilization  have 
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made  within  the  existing  generation ;  with  regard  to  the  former,  he 
is  generally  pleased,  sometimes  delighted  ai;id  enthusiastic. 

Having  spent  a  few  days  in  Duhlin,  examining  the  museums, 
the  churches,  and  public  buildings,  including  those  of  the  Univer- 
sity, which  he  highly  admires,  and  having  provided  themselves 
with  geological  maps,  guide  books  (not  always  reliable),  and  Geo- 
logical Survey  "Explanations"  (which  are  always  reliable),  onr 
travellers  take  the  train  to  Killamey,  where  tliey  spend  several 
days  exploring  the  lakes  and  mountain  passes,  and  climbing  Man- 
gerton  (2754  feet),  from  which  they  enjoy  a  panoramic  view  which 
is  graphically  described.  We  have  very  minute  descriptions  cf  the 
geological  structure  of  the  lake  district  and  mountains;  and  the 
author  recognizes  in  the  grand  E.  and  W.  flexures  of  the  mountains 
of  Kerry,  the  prolongation  of  those  which  have  disturbed  and  con- 
torted the  Carboniferous  and  Devonian  rocks  of  Belgium  and  North 
Germany.  At  p.  75  we  have  a  table,  which  is  intended  to  bring 
into  parallelism  the  Lower,  Middle,  and  Upper  Devonian  beds  of  the 
Eifel,  the  neighbourhood  of  Aachen  (Aix-ht-Chapelle),  Westphalia, 
and  the  South  of  Ireland ;  and  certain  beds  of  nodular  limestone  and 
calcareous  shale  observed  on  the  flanks  of  the  mountains  near 
Muckross  are  placed  (with  some  hesitation)  as  the  representatives 
of  the  "  Cypridinen-Schiefer,  Groniatiten-Schiefer,  und  Cuboides- 
Kalke,  etc.,"  of  the  Eifel.  We  fear,  however,  such  a  comparison 
cannot  be  maintained.  The  beds  which  Prof,  von  Lasaulx  refers  to 
are  really  Carboniferous,  nor  are  there  any  marine  limestones  in  the 
Old  Red  series  of  the  South  of  Ireland.  OnHhe  volcanic  phenomena 
of  '*  the  Devil's  punch-bowl,"  and  the  characters  of  the  old  lavas  and 
ash-beds,  our  author's  observations  are  accurate  and  suggestive. 

The  appearance  of  some  native  women  accompanied  by  a  lad  prof- 
fering our  travellers  some  of  the  **  wine  of  the  country,"  and  thus 
described :  *'  Die  Gestalt  und  die  Gresichtsbildung  dieser  Frauen 
war  auflfallend.  Es  waren  feingebaute,  schlanke,  aber  doch  voile 
Figuren,  die  nicht  ohne  eine  gewissc  Eleganz  baarfuss  fiber  die 
rauhen  Blocke  schritten,  mit  tiefschwarzen,  glanzenden  Haaren 
und  dunkelbraunen  Augen,"  etc.,  gives  our  author  an  opportunity 
for  an  ethnological  excuratiSy  in  which  he  draws  a  very  clear  distinc- 
tion between  the  Celtic  and  the  "Milesian"  inhabitants  of  this 
part  of  Ireland,  the  latter  being  the  descendants  of  the  Spanish 
settlers  who  from  time  to  time  colonized  the  country.  From 
Killamey  the  author  returned  to  Dublin,  and  from  thence  explored 
some  of  the  glens  of  Co.  Wicklow,  including  .that  of  Glendalough, 
with  its  ancient  ecclesiastical  buildings.  With  the  minerals  in  the 
metamorphic  rocks  bordering  the  granite,  and  those  in  the  granite 
itself,  the  author  is  greatly  interested ;  but  time,  apparently,  did  not 
permit  of  his  paying  much  attention  to  the  very  striking  glacial 
phenomena  of  that  region. 

The  renoaining  portion  of  the  volume  is  devoted  to  the  North  of 
Ireland.  Having  accepted  the  proffered  hospitality  of  the  noble 
owner  of  Florence  Court,  the  author  had  an  opportunity  of  ex- 
amining Lord  Enniskillen's  splendid  collection  of  fossil  fishes,  with 
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which  that  of  Sir  Philip  Egerton  is  alone  comparahle.  A  list  of 
the  genera  and  species  drawn  up  by  his  Lordship  has  already 
appeared  in  the  Gkol.  Maq.^  In  this  district  he  had  an  ex- 
cellent opportunity  of  examining  the  succession  of  the  Lower 
Carboniferous  rocks,  from  their  base  along  the  shores  of  Lough  Erne, 
where  they  repose  on  the  Old  Red  Sandstone,  up  to  the  Millstone- 
grit  ridge  of  Cuilcagh,  which  rises  2,187  feet  above  the  sea.  The 
limestone  in  thb  district  is  rich  in  coralline,  and  crinoidal  remains ; 
Pentatrematiies  Derhiensis,  Flatycrinw,  etc.,  and  the  author  records 
the  occurrence  of  Amphoracrinus  GtilberUoni,  in  the  cliffs  of  the 
upper  limestone  which  rise  boldly  above  Florence  Court  Park. 
Need  we  say,  that  with  Lord  Enniskillen  and  his  family  our  author 
b  fairly  captivated,  and  that  he  bids  farewell  to  the  hospitable 
'*  Schloss,"  with  feelings  to  which  he  gives  expression  in  the  follow- 
ing passage  :  *'  Als  wir  uns  in  der  Ualle  der  irischen  Riesenhirsche 
herzlich  von  unsem  gastlichen  Wirthen  verabschiedeten,  tnigen  wir 
eine  unausloschliche,  freundliche  Erinnerung  an  das  griine  Florence- 
court  und  seine  edlen  Bewohner  von  dannen.  Mogen  sie,  wenn 
dieses  Blatt  ihnen  zu  Gesichte  kommt,  es  als  ein  Zeichen  unserer 
Yerehrung  ansehen  und  der  deutschen  Gaste  aus  dem  fernen  Osten 
wohlwollend  gedenken"  (p.  135). 

From  Enniskillen  the  author  and  his  companion  proceed  to  the 
north-east,  travelling  along  the  valley  of  the  noble  river  Foyle  to 
Londonderry,  and  thence  proceeding  to  the  Antrim  coast,  with  the 
scenery  and  geology  of  which  he  is  greatly  delighted.  Visiting  the 
town  of  Antrim  on  his  way  southwards,  he  examines  the  celebrated 
•*  Round  Tower  "  of  that  place,  of  which  a  picture  is  given  (p.  161), 
as  well  as  the  trachytic  district  of  Tardree  Uill ;  and  here  the  author 
justifies  his  high  reputation  as  a  mineralogist,  by  the  discovery  of 
that  rare  form  of  silica,  called  "tridymite"  by  Vom  Rath,  which 
^pears  to  be  abundant  in  the  drusy  cavities  of  the  trachytic  lava. 
Further  on  his  way,  he  visits  the  celebrated  plant-bearing  beds  of 
Ballypalidy  of  Miocene  age ;  and  after  a  short  stay  in  Belfast, 
finally  takes  his  departure  lor  Scotland,  to  be  present  at  the  meeting 
of  the  British  Association. 


II. — ^Thk  Physical  Geology  and  Geography  of  Ireland.  By  E. 
Hull,  M.A.,  F.R.S.,  Director  of  the  Geological  Survey,  Ireland, 
and  Professor  of  Geology  in  the  Royal  College  of  Science, 
Dublin.  Post  8vo.  with  2  coloured  maps  and  26  wood  en- 
gravings, pp.  xvi.  and  291.     (London  :  Stanford,  1878.) 

{First  Notice.) 
"TTTE  have  often  wondered  why  our  Geological  Literature  con- 
V  V  tained  no  general  key  to  the  structure  and  features  of  Ireland. 
That  the  'Green  Isle'  could  boast  of  more  than  one  'son  of  the 
hammer'  who  was  competent  to  lay  such  a  summary  before  his 
brother  geologists,  we  knew,  not  only  from  the  enjoyment  of 
personal  intercourse,  but  from  an  acquaintance  with  their  published 
labours.     Yet  we  had  it  not     More  than  five  years  since,   the 

*  See  Gbol.  Mao.  1869,  Vol.  VI.  p.  656. 
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admirable  Phyncal  Oeology  and  Oeography  of  Cheat  Britain,  by 
Prof.  RamBay,  had  reached  its  third  edition,  and  had  been  entirely 
remodelled ;  while  North  Britain  oould  point  with  just  pride  to 
G^ikie's  interesting  Oeology  and  Scenery  of  Scotland.  True  the 
detailed  map  of  Griffith,  and  the  many  reductions  of,  and  improve- 
ments on  it,  which  have  resulted,  formed  in  themselves  excellent, 
and  to  a  large  extent  sufficient,  guides  to  a  knowledge  of  the  general 
structure  of  a  country,  essentially  so  simple  as  Uiat  of  Ireland. 
And  we  have  no  doubt  some  feeling  of  this  kind,  and  a  desire  that 
one  who  had  already  done  so  much  for  the  Geology  of  Ireland, 
should,  if  he  himself  wish  it,  have  the  opportunity  of  making 
that  country  still  more  his  own  kingdom,  by  adding  to  his  map  a 
general  description,  kept  several  from  attempting  a  task  for  which 
they  felt  their  old  master  and  guide  was  so  vastly  more  competent 
than  they.  But  whatever  the  cause,  it  has  been  reserved  for  Prof. 
Hull  to  supply  this  want  in  the  little  volume  now  before  us. 

Like  all  contributions  of  the  author,  the  work  is  carefully  com- 
piled, and  is  a  singularly  full  though  much  compressed  statement 
of  facts,  given  in  the  simplest  language,  with,  we  rejoice  to  say, 
very  few  attempts  at  oratorical  effects,  or  fine  writing.  '  It  thus 
carries  with  it  the  conviction  of  truth  and  sincerity  which  we  are 
always  disposed  to  concede  at  once  to  a  simple  and  full  exposition  of 
facts :  it  is,  in  reality,  so  essentially  dependent  for  its  conclusions  on 
the  abundance  of  its  details,  that  no  single  or  hasty  reading  will 
suffice  to  the  student* 

The  author  presupposes,  wisely,  we  think,  an  acquaintance  with 
the  elementarj^  principles  of  the  Science  of  Geology  on  the  part 
of  his  readers,  and,  therefore,  passes  at  once  to  an  enumeration  of 
the  various  formations  which  occur  in  Ireland,  the  extent  and 
position  of  the  areas  they  occupy,  and  their  mutual  relations.  To 
the  discussion  of  these  questions  the  first  of  the  three  parts  into 
which  the  book  is.  divided,  is  given.  This  is  also  by  a  good  deal  the 
longest  and  most  detailed  division,  occupying  116  pages.  The 
Physical  Geography  occupies  the  second  part  (pp.  117-210) ;  and  the 
third  part  (pp.  211-272)  is  devoted  to  the  *Glaciation  of  Ireland.' 

A  general  summary  of  observations  over  a  wide  area,  so  as  to 
give  a  comprehensive  idea  of  the  relative  structure  and  history  of 
the  different  points,  offers  no  fitting  opportunity  for  the  detailed 
discussion  of  any  special  views,  or  the  exposition  of  any  novel 
speculation,  and  we  shall  therefore  better  elucidate  our  authors 
work  by  a  very  brief  resumi  of  the  information  given,  than  in  any 
other  way. 

1  With  this  fullness  and  care,  we  notice  also  several  things  which  conTey  to  our 
mind  a  distinct  impression  that  the  work  has  heen  hastily  written  and  too  hastilj 
printed.  There  are  errors  of  grammar,  errors  and  confusion  in  the  spelling  of 
names,  and  phrases  and  idioms  which,  though  perhaps  intelligihle,  are  certainly  not 
elegant,  which  a  very  little  more  care  and  time  would  have  avoided.  We  notice 
these  little  defects  at  once,  not  as  wishing  to  convey  the  idea  that  the  real  value  of 
the  work  is  diminished  hy  such  hlemishes,  hut  because  we  feel  confident  that  a 
second  edition  will  soon  he  called  for,  and  we  would  gladly  see  even  these  Uttle  blots 
polished  out. 
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The  geological  stracture  of  Ireland,  on  the  whole,  is  singnlarly  simple.  Otot 
more  tfaijui  nine-tenths  of  the  total  area  we  find  no  rocks  of  a  date  later  than  Palse- 
ozoic  (Upper  Carboniferous,  with  a  trace  of  Lower  Permian,  if  these  be  Palaeozoic) 
until  we  come  to  the  more  recent  Tertiary,  post-Pliocene,  or  drift  deposits,  as  the 
•nthor  calls  them,  that  is,  we  hare  no  representatives  of  any  but  the  oldest  and  the 
newest  groups  of  rocks ;  while  even  in  the  remaining  small  area  in  the  north-east 
of  Ireland,  although  some  of  the  Mesozoic  rocks  are  represented,  there  is  still  an 
immense  period  ^including  all  the  time  represented  in  the  closely  adjoining  counties 
of  England,  by  uie  wide-spread,  and  as  regards  both  tiie  agricultural  wealtn  and  the 
loreliest  scenery  of  the  country,  all-important  groups  of  the  Lias,  except  the  lowest 
beds,  ^e  entire  series  of  the  Oolites,  the  Wealden  Purbeck.  and  the  Lower  Cretaceous 
rocks)  whicl^  is  in  Ireland  without  a  single  record.  All  the  evidence,  also,  would 
seem  to  point  to  the  fact,  that  this  absence  of  the  rocks  is  due  to  an  original  absence 
of  deposition,  and  not  to  any  subsequent  denudation ;  and  woiUd,  therefore,  indicate 
that  for  the  vast  lapse  of  ages,  represented  by  all  the  rocks  between  the  Carboniferous 
period  and  the  commencement  of  the  post-Tertiary,  the  greater  part  of  Ireland  was 
eleyated  into  dry  land,  while  the  sea  covered  wioely  the  whole  central  portion  of 
England.  The  little  tabular  view  (given  on  p.  3)  of  the  different  formations  on 
both  sides  of  the  Channel,  showing  which  are  present  and  which  are  absent,  will  be 
found  very  useful. 

Briefly  referring  to  the  Cambrian  rocks,  so  well  known  to  visitors  of  Dublin,  from 
tiieir  readily  accessible  positions  at  Bray  Head  and  Howth,  to  the  south  and  north  of 
Dublin  Bay,  the  author  proceeds  to  the  Lower  Silurian  beds,  which  rest  unconform- 
ably  on  these  older  rocks,  the  gap  between  the  two  representing  the  absence  in 
Ireland  of  the  Lingula  FUgt^  or  Upper  Cambrian  of  North  Wales  (English  Survey 
daarification).  These  Lower  Silunan  deposits  are  among  the  most  interesting  to 
the  student  of  Irish  geology,  from  the  fact  that  they  occur  in  two  very  distinct 
phaaes,  now  perfectly  established  as  representative  one  of  the  other.  In  the  one 
they  are  still  unaltered,  and  still  fnll  of  fossils,  though  indurated,  contorted,  and  dis- 
toroed;  in  the  other  they  have  become  highly  crystalline,  metamorphic  schists, 
gneiss,  hornblende  schists,  etc.  The  age  of  these  rocks  is  well  fixed  both  by  position 
and  by  fossils,  as  belons^ff  to  the  great  Lower  Silurian,  and  being  probaoly  about 
tiiat  of  the  Caradoc  ana  Lmndeilo  groups.  Beds  of  limestone  occur,  though  rarely, 
and  contain  fossils  representative  of  tne  Bala  beds.  These  rocks,  in  their  meta- 
morphic condition,  occupy  four  areas  in  the  north  and  north-west  of  Ireland. 
1.  West  Galway  and  part  of  Mayo.  2.  North  of  Clew  Bay.  3.  The  Ox  Mountains 
from  Lough  Cong  to  Lough  uill.  4.  Donegal  and  Derry.  To  the  east  of  the 
island  there  is  a  north-eastern  area  in  the  highlands  flanking  the  Mourne  Mountains, 
and  north  of  Dundalk,  and  a  south-eastern  extending  from  near  Dublin  to  the  coast 
of  the  county  of  Waterf ord. 

There  are  only  two  areas  of  any  great  extent  of  Upper  Silurian  rocks  in  Ireland 
— one  near  the  AiUaries,  in  Galway,  between  Lough  Mask  and  the  Atlantic.  And 
tills  is  of  high  interest,  as  affording  undoubted  eridence  of  the  date  of  the  metamor- 
phism  of  the  rocks  which  we  have  iust  noticed — evidence  which  the  country  of 
Scotland,  so  rich  in  metamorphic  pnenomena,  has  not  yet  afforded.  There  the 
rocks  immediately  resting  on  tne  metamorphic  Lower  Silurian  beds  are  the  Old  Red 
Bandstone,  and  it  is  therefore  only  possible  to  assert  that  the  metamoiphism  took 
place  prior  to  the  formation  of  the  Old  Red  Sandstone.  But  here— in  Galway — 
resting  on  metamorphosed  rocks  of  unquestionably  the  same  general  age  as  those 
of  Scotland,  we  have,  quite  unconformably,  masses  of  conglomerates,  grits,  shales, 
etc,  formed  out  of  the  debris  and  waste  of  these  metamorphic  rocks,  and  which 
tiiemselves,  though  containing  beds  of  volcanic  ash,  and  sheets  of  felspathic  lava, 
—eridence  of  contemporaneous  volcanic  action  during  their  deposition, — still  exhibit 
no  trace  of  that, wide-spread  and  deep-seated  metamorphic  action  so  strongly  developed 
in  the  lower  beds.  These  beds  in  Gkdwa^  probably  represent  the  Wenlock  and 
Lodlow  beds  of  England.  The  only  other  important  locauty  is  near  Dingle,  where 
%  yery  large  series,  probably  representative  of  the  whole  Upper  Silurian  series  of 
England,  occur.  These  have  derived  some  special  interest  from  the  occurrence  above 
them,  and  conformable  to  them,  of  the  series  to  which  Jukes  gave  the  name  of 
<  Dingle  beds,*  a  great  thickness  of  grits,  shales,  and  conglomerates,  which  are  them- 
selyes  nnconformably  covered  by  the  lowest  beds  of  the  Old  Red  Sandstone. 

The  absence  in  Ireland  of  any  marked  representative  of  the  true  Devonian,  or 
marine  equivalent  of  the  Old  Red  Sandstone,  is  noted,  and  tVie  ^^c^^^^  '\x\^ 
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characters  of  the  Old  Red  as  a  formation  insisted  on.  This  Tast  thickneBs  of  sand- 
stones, conglomerates,  and  slates  appears  to  have  been  thrown  down  in  the  waters  of 
a  large  lake  or  neat  inland  sea,  as  nrst  pointed  out  by  one  to  whom  English  geologj 
is  largely  indebted  for  broad  philosophical  speculation  in  its  physical  history,  Mr. 
Godwin- Austen  (not  Austin  as  printed),  or  rather  in  two  lakes  separated  by  a  great 
ridf  e  of  Silurian  land  crossing  Ireland,  and  what  is  now  the  Irish  Channel,  into  Nortii 
Wales  and  Central  England,  though  in  all  probability  the  basin  formed  to  the  soutii 
of  this  ridge  did  not  extend  so  far  in  tne  south-east.  In  tiie  northern  area  the 
rocks  have  much  the  same  character  as  their  representatiyes  south  of  the  Grampians 
and  in  Central  Scotiand ;  but  in  the  south  ana  south-west  the  formation  shows  two 
distinct  members— the  upper  of  which  (essentially  Irish)  Tery  distinctiy  passes  into 
the  Carboniferous  rocks  above,  the  lower  forms  the  greater  portion  of  the  extensiTe 
counties  of  Cork  and  Kerry,  and  forms  some  of  the  most  elevated  ground  in  Ireland. 

About  one-half  of  the  entire  area  of  Ireland  is  occupied  by  rocks  of  the  Car- 
boniferous series,  chiefly  confined  to  the  lowermost  members,  the  Carboniferous  slate 
and  the  Carboniferous  limestone.  This  latter,  which  was  with  justice  called  the 
Mountain  limestone  in  England,  ou^ht  more  properly  in  the  sister-isle  to  be  called 
the  Plains  limestone,  because,  e]^pting  in  parts  of  lieitrim,  Sligo,  and  Fermanagh, 
where  it  rises  into  bold  isolated  hills  and  escarpments,  it  is  found  only  under  the 
wide-spreading  plains  of  the  country.  The  Upper  Carboniferous  beds,  including 
some  of  the  Coal-measures,  are  now  only  represented  in  a  few  detached  areas, 
barely  sufficient  to  mark  the  former  widelj-extcnded  area  of  the  formation.  The 
Carboniferous  Limestone  itself  presents  m  Ireland  three  acknowledged  divisions. 
(1)  The  Lower  Limestone,  p^enerally  a  pure,  fossiliferous  limestone,  many  of  the 
bods  yielding  richly-coloured  and  handsome  marble ;  (2)  the  Calp,  a  dark-coloured 
earthy  and  snaly  series ;  and  (3)  the  Upper  Limestone,  often  of  a  lighter  grey  colour 
than  the  lower,  and  often  full  of  **  Chert,"  both  in  irreg^ar  layers  and  masses  like 
the  flints  in  chalk.  Volcanic  rocks  occur  in  places,  showing  the  existence  of  such 
action  during  the  deposition  of  these  rocks.  Representatives  of  the  **  Toredale  beds," 
and  of  the  **  Millstone-grit"  of  England  also  occur;  as  well  as  of  the  '*  Gannister 
beds."  Of  the  Upper  Coal-measures,  whatever  may  have  been  their  original  extent, 
there  now  remain  only  two  or  three  very  limitea  areas,  as  at  Castiecomer  in  the 
counties  of  Carlow  and  Kilkenny,  and  Killenaule  in  Tipperary  (which  may  be 
considered  parts  of  the  same  general  area) :  and  at  Coal  Island  in  Tyrone. 

Permian  rocks  have  only  been  recognized  in  a  few  places ;  the  Lower  Permian 
only  in  one ;  viz.  a  few  feet  of  conglomerate  and  breccia  resting  on  the  Lower 
Carboniferous  Limestones  of  Armagh.  The  Magnesian  Limestone  is  represented, 
though  poorly,  near  Cookstown  in  Tyrone,  and  at  Cultra,  on  the  south  shore  of 
Belfast  Lough. 

Of  the  Mesozoic  rocks,  as  already  stated,  no  representatives  are  known  in  any  part 
of  Ireland,  excepting  in  the  north-east;  there  the  Triassic  rocks  form  a  narrow 
band,  encircling  the  basaltic  region  of  Antrim  and  East  Deny,  generally  occurring 
in  the  lower  ground  of  river  valleys.  The  two  ^oups  of  the  Bunter  Sandstone 
and  Keuper  are  both  recognizable,  the  former  chiefly  in  Belfast  Lough  and  near 
Dungannon,  etc.,  and  the  latter  between  Lame  and  Carrickfei^us,  marked  by  the 
presence  of  bands  of  gypsum  and  extensive  beds  of  rock-salt  (Carrickfergus).  At 
Scrabo,  near  Newtownaros,  the  Triassic  sandstones  are  capped  by  masses  of  dolerite, 
and  are  also  penetrated  by  horizontal  sheets,  and  vertical  dykes  of  basalt,  intersecting 
each  other  m  various  directions,  and  affording  a  magnificent  opportunity  for  the 
study  of  such  phenomena. 

The  Lower  Liassic  and  Rhsetic  beds  occur  together  in  a  few  places  round  the  north- 
east coai>t,  as  at  Colin  Glen,  near  Belfast,  Lame,  and  Portrush ;  at  the  latter  locality 
indurated  and  converted  into  a  kind  of  Lydian  stone,  by  contact  with  a  sheet  oi 
infmsive  dolerite.  At  Lame  the  beds  are  of  light  blue  and  deep  erey  clays,  with 
earthy  limestone,  containing  Gri/phaa  ineurva,  etc.,  and  below  these  dare  shales  with 
Avicula  contorta. 

There  arc  no  representatives  of  the  main  portion  of  the  Lias  of  Enrland,  nor  of 
any  of  the  numerous  divisions  of  the  Jurassic  rocks,  as  yet  known  in  Ireland.  They 
very  probably  were  never  deposited ;  but  if  they  were,  they  had  been  entirelyremoved 
again  before  the  period  of  the  formation  of  the  Upper  Cretaceous  rocks.  For  there 
is  no  representative  of  the  lower  part  of  this  great  series  either ;  we  find  only  the 
Upper  Greensand  and  the  Chtdk  vriui  flints.  The  whole  group  varies  in  thicuiess, 
but  nvrer  exceeds  a  maximum  of  about  350  feet.    The  upper  surface  has  been 
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Ureely  eroded,  and  an  irreenlar  bed  of  flmt-gra?el,  with  red  ochre  filling  np  the 
hoUowB  in  the  rocks,  generaUyoccnrs  between  the  chalk  and  the  sheets  of  Tolcanic 
lava  bj  which  it  is  coTered.  There  has  not  been  much  contortion  or  disturbance  of 
the  beds,  which  are,  for  the  most  part,  nearly  horizontal,  but  as  a  whole  thej  form 
a  diallow  basin-shaped  area  ^he  central  depression  of  which  is  marked  approximately 
by  the  course  of  the  Birer  Bann),  dipping  towards  this  depression  from  the  sides. 
We  do  not  see  that  oar  author  notices  the  fact,  which  is  certain  to  be  among  the 
first  to  strike  the  straneer,  that  the  Chalk  of  Ireland  is  a  hard,  compact,  white 
limeakme,  without  any  of  the  soft  granular  and  powdery  character  distinctive  of  the 
Surlish  Chalk. 

The  Qocurrence  of  the  Cretaceous  formation  in  this  isolated  locality,  so  far  from  the 
nemt  north-west  point  of  its  area  in  Ihigland,  is  of  much  interest,  as  bearing  on 
the  question  of  its  former  greater  extension.  Prof.  Judd  has  also  found  Cretaceous 
roeks  in  the  Isle  of  Mull,  far  away  to  the  north,  and  the  sharply  truncated  edf  e  of 
tiie  formation  along  its  western  and  eastern  faces  in  Ireland  would  seem  to  establish 
that  it  formerly  covered  a  considerably  larger  area.  It  is  not  improbable  that  it 
was  even  connected  with  the  English  area  at  the  time  of  its  deposition ;  and  if  so,  it 
would  apptear  probable,  further,  that  this  connexion  occurred  over  the  lower  country 
or  depression  which  now  separates  the  mountains  of  Wales  from  those  ofCumberland 
aad  North  Lancashire.  To  the  west,  it  was  probably  limited  by  the  highlands  of 
Donegal  and  Sligo. 

The  old  volcanic  rocks  of  Antrim,  long  classical  ground  to  the  geologist,  which 
eorer  neariy  all  the  area  in  that  county,  as  well  as  considerable  portions  of  London- 
derry and  Tyrone,  forming  generally  a  very  well  marked  and  elevated  plateau, 
suoeeed  to  the  Cretaceous  beds  just  noticed.  Prof.  Hull  (Brit.  Asso.  1874)  had  already 
pointed  out  that  these  were  capable  of  a  three-fold  division :  the  earliest  sta^ 
marked  by  trachyte  porphyry  (Sandy  Brass,  Temple  Patrick,  Hillsborough).  The 
massof  are  verv  limitea  in  extent  as  compared  with  the  succeeding  overflows.  The 
rare  mineral  Tridymite  has  been  found  m  the  cavities  of  these  rocks.  The  actual 
age  of  these  outbursts  is  unknown,  but  Prof.  Hull  thinks  they  probably  belong  to 
thrlater  part  of  the  Eocene  period.  They  are  thus  possibly  the  only  Eocene  rocks 
in  Ireland.  The  middle  stage  of  the  volcanic  rocks  is  characterized  by  vesicular 
amygdaloids,  and  basalts,  often  separated  by  beds  of  red  bole,  and  succeeded  by  vol- 
canic ashes  and  largeor  bombs  of  trajp.  These  are  supposed  to  have  been  subaerial 
discharges  of  volcanic  matter,  the  mtensity  of  the  volcanic  action  being  succeeded 
by  a  period  of  repose,  during  which  peculiar  beds  of  pisolitic  iron  ore,  and  layers  of 
fine  dibrit  of  the  rocks,  confining  plant-remains,  were  deposited,  probably  in  lacus- 
trine waters.  These  plants  have  proved  similar  to  those  found  in  the  Isle  of  Mull, 
and  have  thus  been  taken  to  indicate  a  similar  Miocene  age.  And  then,  finally,  after 
tiiis  period  of  repose,  the  volcanic  forces  again  became  very  active,  and  gave  forth 
vast  flows  of  lava,  now  successive  beds  of  columnar  basalt,  which  are  often  seen 
restiiig  directly  on  the  thin  beds  of  iron  ore,  or  on  a  bed  of  lignite. 

The  total  tnickness  of  these  volcanic  rocks  is  often  more  than  1000  feet:  all 
aetoal  eraters  and  cones  have  long  disappeared  by  denudation,  but  '  necks '  are  still 
to  be  traced  through  which  some  of  the  volcanic  outbursts  were  forced  up.  These 
luive  been  noticed  by  other  observers,  but  our  author  brings  forward  as  an  instance, 
a  locality  visited  yearly  by  hundreds  of  tourists,  namely  the  now  detached  and  ruined 
Castle  of  Dunluce  between  Portrush  and  the  Giant's  Causeway — which  he  states  is 
baUft  on  a  mass  of  agglomerate,  originally  forming  one  of  these  '  necks.'  In  a  sub- 
sequent page,  however  (p.  70),  he  says  ms  views  on  this  point  have  been  recently 
altered  annng  a  visit  to  the  localities  along  with  Prof.  Ramsay  and  Mr.  Traill,  and 
tiiat  lie  is  now  disposed  to  view  these  cases  as  simply  pipes  formed  by  filtration  out 
of  the  chalk,  into  which  the  basaltic  masses  have  fallen  or  slipped  down,  thus  giving 
riae  to  their  fragmental  appearance.^ 

'  Those  who  are  curious  to  trace  out  accurately  the  successive  steps  by  which 
opinioBt  are  formed,  put  forward  and  obtain  carrency,  in  such  matters,  will  be 
amued  to  follow  np  ttiis  case  of  supposed  *  necks '  in  the  basaltic  country  of  Antrim. 
Let  them  look  first  then  to  Portlock's  Report  on  Londonderry,  etc..  1843-— more  than 
tittrty  jean  since,  and  at  p.  92  they  will  find  a  oarefolly  drawn  view  of  one  of  the 
\m^^w^m^»  referred  to  by  Prof.  Hull,  and  an  equally  carefully  drawn  up  description  of 
the  appearances  presented  by  the  rocks.  Portlock  says:  **The  trap  penetrates 
into  toe  chalk,  ana  forms  a  conglomerate  with  the  flints  and  fragmenta  of  c^baUL  V^ 
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After  a  brief  notice  of  the  frequent  occurrence  of  basaltic  dykes  in  the  country 
adjoining  these  Yolcanic  rocks,  the  author  proceeds  to  the  only  known  Pliocene 
beos  in  Ireland.  These  occur  as  quietly  deposited  beds  of  clays,  filling  in  a  part  of 
the  older  extent  of  Lough  Neagh.  They  now  extend  80  to  90  feet  awye  the  level 
of  the  lake,  and  have  been  pierced  to  a  depth  of  300  feet,  the  maximum  thickness 
beinff  nearly  600  feet.  They  rest  on  an  eroded  surface  of  the  Miocene  basalt,  from 
whidi  they  are  separated  by  a  bed  of  rude  conglomerate  formed  by  masses  of  these 
basaltic  rocks.  1  hey  are  generally  stiff  and  plastic  bluish  clays,  much  used  for 
coarse  pottery,  etc.  In  them  remains  of  what  is  described  as  an  Unio  ^  hare  been 
found,  and  also  of  plants— the  whole  character  of  the  beds  indicating  a  quiet 
deposition  under  tranquil  waters  in  an  equable  if  not  a  warm  climate.  They  were 
the  old  lacustrine  delta  deposits  of  the  Upper  Bann  and  other  streams  entering 
Lough  Neagh  from  the  south.  The  Pliocene  period  is  but  sparingly  represented  in 
any  part  of  the  British  Islands,  and  these  deposits  become  of  even  greater  interest 
from  the  absence  of  an^  contemporaries.  Of  the  Pliocene  period  in  Ireland,  Prof. 
Hull  says,  '*£re  it  set  m,  the  Tolanic  fires  had  smouldered  away.  It  was  an  age  of 
calm  repose,  separating  the  period  of  yolcanic  activity  on  the  one  Ade  from  that  of 
frost  and  ice  on  the  other ;  and  during  its  continuance  the  ordinary  agents  of 
denudation— rain,  rivers,  and  sea  waves — carried  on  their  operations  wil^out  unusual 
interruption,  but  with  marked  effect  in  modifying  the  physical  features  of  the  north 
and  adjoining  districts  of  Ireland."  Cp.  76.) 

This  brings  us  to  the  close  of  the  Tertiary  period.  There  still  remains,  however, 
a  long  series  of  deposits  to  be  noticed,  which  in  reality  cover  more  than  three-fourths 
of  the  whole  area  of  the  country,  and  to  the  presence  or  absence  of  which  a  very 
large  amount  of  the  var3ring  characters  of  its  scenery  is  due.  Important,  however, 
as  they  are,  we  cannot  afford  space  for  more  than  the  briefest  notice  of  these  *'  Post- 
Pliocene  or  Drift-deposits,"  as  Prof.  Hull  classifies  them, — the  Glacial  and  post- 
Glacial  days,  sands,  gravels,  etc.,  and  the  still  more  recent  deposits,  forming  raised 

has  in  its  progress  enveloped.  Many,  but  not  all,  the  flints  are  changed  to  red,  and 
the  chalk  fragments  are  comparativelv  few,  the  lime  having,  it  is  probable,  oontri- 
bated  to  form  the  enveloping  paste,  which  is  in  part  rotten  and  soapy.  Some  of  the 
immersed  fragments  of  chalk  are  powderv  to  the  toaoh,  though  still  retaining  a 
definite  form,  and  such  is  also  the  case  with  the  flints.  The  great  body  of  the  ^p 
is  here  concretionary ;  and  as  the  softer  portions  wear  away,  the  harder  projecting 
lumps  look  like  ha^^e  boulders  in  a  rude  conglomerate.  The  bottom  poraon  is 
obscured  by  rubbish,  so  that  it  is  impossible  to  say  whether  the  trap  naa  risen 
throDgh  the  gap,  as  through  a  crater,  or  has  been  poured  into  it  from  above,  but  oa 
the  east  side  the  chalk  in  a  considerable  mass  rests  upon  trap,  and  is  at  the  same 
time  overlaid  by  it"  Now  let  him  turn  to  Jukes's  Manual  of  (Sreolc^,  edited  by  A. 
Geikie,  8rd  edit.,  1872,  and  at  p.  271  he  nHU  find  a  figure  (fig.  107)  intended  to  re- 
present the  facts  seen  at  the  same  locality  exactly — from  a  sketch  made  by  Prof. 
Geikie  himself.  After  noticing  where  this  assumed  *  neck '  occurs,  he  says :  *'  A 
cavity,  measurin;^  about  fifty  yards  across  at  the  top.  has  been  blown  through  the 
chalk,  and  also  through  a  previously  erupted  sheet  or  basalt,  and  this  cavity,  after, 
perhaps,  serving  as  an  orifice  for  the  discharge  of  some  of  the  tuffs  of  the  district, 
was  finally  filled  up  with  a  coarse  mass  of  rubbish,  consisting  of  blocks  of  basalt, 
chalk,  etc.,  imbedded  in  a  dirty  green  gritty  trappean  paste."  The  writer  thinks  it 
evidently  quite  beneath  his  consideration  to  think  of  giringany  proofs  of  these  boldly- 
asserted  views— or  to  offer  the  slightest  explanation  of  how  his  '  gritty  trappean 
paste '  was  formed,  or  when.  Then  as  the  last  step  in  the  history  of  this  curious 
case,  we  have  Prof.  Hull  (p.  56)  saying:  "The  old  necks  are  choked  up  by 
bombs  which  have  been  blown  into  the  air,  and  in  fialhng  back  have  filled  up  the 
throat,'*  referring  to  this  very  case,  near  Portrush,  and  then  (on  p.  70)  he  witharaws 
from  this  view,  and  holds  these  cases  to  be  old  pipes  in  the  chalk,  **  into  which  the 
basaltic  masses  have  fallen  or  slipped  down,'  that  is,  we  presume,  after  they  had 
been  to  a  considerable  extent  at  least,  if  not  entirely,  cooled  and  hardened.  Has  he 
any  proof  of  this  P  If  so,  why  is  it  not  noticed  P  After  the  student  has  traced  the 
successive  steps  in  the  history  of  this  sketch,  and  seen  the  several  additions  in  the 
story,  which  each  of  its  narrators  have  added — additions  for  which  they  were  indebted 
purely  to  their  own  poetic  imaginations — we  cannot  help  thinking  that,  so  far  as  any 
real  truth,  objective  truth,  is  concerned,  he  will  return  to  the  description  of  thirty 
years  since,  where  he  finds  the  limits  of  knowledge  and  ignorance  clearly  noted  and 
candidly  avowed,  in  preference  to  the  apparently  more  finished,  perhaps,  but  less 
thorouglj  established  dogmas  of  recent  observers. 
'  See  Oeol,  Maq.  Dec.  1876,  p.  557. 
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bettchesy  riTer  terraces,  etc.,  which  are  so  numerous  and  widely  spread.  The  author 
still  adopts  the  same  classification  as  he  formerly  did,  of  these  representatives  of 
**  The  Great  Ice  Age,"  and  makes  three  groups.  (1)  The  Lower  Boulder-clay  or 
Till ;  (2)  Middle  Sands  and  gravels,  the  Limestone  gravels  of  Ireland ;  and  (3)  the 
Upper  Boulder-clay,  and  notices  in  some  detail  the  peculiar  circumstances  under 
which  each  of  these  occur.  It  will  he  sufficient  here  to  indicate  the  conclusions, 
that  the  earlier  period  indicates  a  time  when  the  surface  of  the  country  was  more 
elevated  than  now,  hut  was  somewhat  in  the  same  condition  as  the  north  of  Green- 
land, etc.,  is  at  present,  that  is,  was  covered  with  a  continuous  ice-sheet  of  great 
thickiiflM,  and  in  continued  motion  in  eiven  directions.  Secondly,  a  period  of  com- 
jMumtive  depression,  amounting  prohahly  to  1600  feet,  accompamed  hy  an  ameliora- 
tion  of  climate,  and  an  overspreading  of  the  land  hy  the  ocean,  when  water-arranged 
deposits  of  sands,  gravels,  etc.  (often  containing  shells),  were  formed ;  and  thirdly,  a 
period  of  gradual  elevation,  when  glaciers  again  accumulated  in  local  centres  around 
the  higher  grounds  which  produced  the  true  glacier  moraines,  still  so  frequent  in  the 
highlands  of  the  country,  and  from  which  drifting  icebergs  probably  conveyed,  and 
dropped  at  intervab  over  the  country,  the  boulders  which  are  now  found  resting  on 
the  Middle  Sands  in  many  places.  It  is,  however,  but  right  to  notice  the  fact  that 
this  dassifioation,  although  adopted  by  many,  and  now  before  geologists  for  many 
years,  has  by  no  means  commanaed  universal  acceptation.  There  are  still  many  who 
nold  that  the  subdivisions  noticed  are  merely  local,  and  by  no  means  so  general  as  to 
afford  sufficient  data  for  the  lai]ge  and  wide  generalizations  which  have  been  based  on 
them.  Our  author  does  not  himself  accept  some  of  the  views  of  other  gladalists. 
We  find  in  his  pages  no  evidence  of  a  behef  in  the  second  outspreading  or  return  of 
a  great  ice-sheet,  after  the  formation  of  the  Middle  Sands,  although  this  is  the  view 
of  others,  and  he  has  been  careful  to  enlain  fully  the  much  more  limited  extent, 
and  freouent  total  absence  of  the  Upper  Boulder-clay.  The  Lower  Boulder-clay  is 
by  far  uie  most  widely  distributed  oi  the  three  eroups,  occurring  in  greatest  mass  in 
the  lower  grounds  and  deeper  valleys.  Most  of  these  valleys  have,  m  fact,  heen  re- 
excavated  out  of  it,  detached  patches  of  it  heing  left  on  the  side  slopes.  But  even 
this  lower  division  is  not  universally  present,  and  even  in  the  lower  fiprounds  there 
are  instances  where  considerable  areas  are  entirely  free  from  it,  whue  closely  ad- 
joining areas  are  thickly  covered.  The  Upper  Boulder-clay,  on  the  contrary,  is  much 
more  sparingly  distributed,  and  in  many  parts  of  the  country  it  has  never  been 
deposited.  It  further  often  shows  distinct  signs  of  arrangement  in  layers  or  strata, 
and  has  therefore  been  formed  or  rearranged  by  water,  while  the  gravels  and  sands, 
on  which  it  is  said  to  rest,  give  evidence  of  erosion  by  water  action,  but  do  not 
u>p|ear  to  have  been  fairly  ground  down,  or  displaced  by  a  mass  of  ice.  The  upper 
limits  of  this  deposit  appear  to  he  less  than  1000  feet  above  the  present  sea-level. 

Then  we  have  a  series  of  terraces  in  the  highlands  which  are  attributed  to  succes- 
sive formation  alon^  shores  as  the  land  was  emerging  from  its  depression  during  the 
Middle  Glacial  period,  at  a  time  when  the  land  was  gaining  on  the  sea,  and  when 
pauses  in  the  upward  movement  took  place.  The  **  Eskers  "  are  noticuBd  as  "  the 
results  of  tidal  and  other  currents  acting  on  the  soft  materials  of  the  drift,  as  they 
oscillated  within  narrow  channels,  bounded  by  the  ridges  of  the  unsubmerged  landf, 
nlinff  them  up  along  tortuous  lines  in  the  K>rm  of  embankments"  (p.  99).  Mr. 
Kiiu2ian*s  distmctions  of  Bar-eskert  and  Shoal-eskers  are  alluded  to.  There  is  then 
a  full  notice  of  Local  Moraines,  or  true  Glacier  Moraines,  both  lateral  and  terminal, 
and  numerous  instances  given  both  from  the  Wicklow  and  the  Galway  Mountains. 
We  then  pass  to  Baised  Beaches  and  Biver  Terraces ;  and  the  evidences  of  the  suc- 
eessive  stqM  in  the  elevation  of  the  land  to  its  present  level  are  brou&[ht  down  to  the 
**  16  foot  heach,"  which  is  traced  along  the  coast  from  the  north  to  Duolin,  where  it  is 
shown  probably  to  merge  into  the  old  estuary  terrace  of  the  river  Liffey,  on  the  flat 
surface  of  which  some  of  the  principal  parts  of  the  capital  of  Ireland  are  built 
(Custom  House,  Post-office,  Sackville  Street,  Bank  of  Ireland,  University,  etc.).  In 
this  terrace,  with  the  shells  have  been  found  flint  implements,  establishing  the  fact 
that  it  has  been  formed  since  the  occupation  of  the  country  by  its  early  iimabitants. 
This,  therefore,  connects  the  Geological  with  the  more  purely  ArchsDological  portion 
of  the  history.  A  capital  little  sketch  geological  map,  coloured  by  hand,  forms  the 
frontispiece  to  the  book,  and  to  those  who  have  not  at  hand  any  larger  or  more 
detafled  map,  it  will  give  a  fair  clue  to  the  general  distribution  of  the  various  rocks. 

(  To  be  concluded  in  our  next  Number.) 
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III. — Geological  Map  of  Scotland.  By  Archibald  Qeikie,  LL.D., 
F.R.S.,  Director  of  the  Q^ological  Survey  of  Scotland,  Murchison 
Professor  of  Geology  in  the  University  of  Edinburgh.  (W.  and 
A.  K.  Johnston  and  Co. :  'Edinburgh,  1876.) 

OF  late  years  the  work  performed  by  the  Official  Geological 
Surveys  has  made  an  immense  addition  to  our  knowledge  of 
the  characters  and  inter-relationships  of  the  rock-formations  of 
Britain.  This  addition,  however,  has  been  almost  wholly  confined 
to  two  departments  of  Geological  Science.  While  Stratigraphical 
and  Mineralogical  Geology  have  advanced  with  gigantic  strides, 
Stratigraphical  Palaeontology  has  remained  almost  at  a  standstill. 
Originally  occupying  the  proud  position  of  friend  and  mentor  to 
Zoology  and  Geology  alike,  extending  a  helping  hand  to  either, 
Palaeontology  now-a-days  seems  to  bestow  all  her  favours  upon  the 
former.  The  philosophical  zoologist  has  gradually  been  forced  to 
recognize  the  inestimable  value  of  her  counsel,  and  to  expect  from 
her  alone  the  solution  of  some  of  his  most  perplexing  problems  of 
life  and  its  distribution.  The  practical  geologist  has  simultaneously 
been  losing  faith  in  her  monitions,  and  at  present  openly  cherishes 
the  belief  that  the  day  is  at  hand  when  he  can  safely  dispense  with 
her  reluctantly  accepted  assistance  altogether.  Conscious  of  his 
great  inferiority  to  the  practical  geologist  in  the  amount  and  re- 
liability of  his  data,  and  disconcerted  by  the  hazy  doctrines 
of  representative  forms,  homotaxis,  colonies,  migrations  and  the 
like,  the  palaBontologist  in  general  is  compelled  to  speak  with  a 
diffidence  that  has  inevitably  led  to  the  almost  total  neglect  of  his 
opinion  on  geological  classification.  The  pure  stratigraphist,  on  the 
other  hand,  certain  of  his  facts,  accepts  only  such  of  the  conclusions 
of  his  palseontological  brother  as  may  happen  to  coincide  with  his 
own,  and  makes  his  arrangements  on  mineralogiceJ  and  stratigraphi- 
cal data  alone,  in  the  confident  assurance  that  **  the  domination  of 
Palaeontology  is  gone  for  ever." 

Perhaps  no  more  vivid  illustrations  of  this  tendency  can  be  seen 
than  in  the  beautiful  map  before  us.  Here,  in  one  area,  two  for- 
mations, hitherto  held  by  geologist  and  palaeontologist  alike  to  be 
totally  distinct,  are  considered  as  one,  simply  on  the  grounds  that 
they  agree  locally  in  physical  conformity  and  in  mineralogical 
similarity ;  although  elsewhere  they  are  separated  by  thousands 
of  feet  of  intercalated  strata.  In  another  district  the  apparent 
stratigraphical  evidences  are  so  consistent  that  they  are  held  to  be 
demonstrative  of  the  co-existence  in  Scotland  of  distinct  groups  of 
marine  animals,  which  in  other  countries  are  strictly  confined  to 
wholly  different  formations. 

The  microscope  of  research  has  so  magnified  the  geological  field 
that  each  formation  has  practically  become  a  system,— crowded  with 
detail,  and  demanding  a  multiplicity  of  attainments,  and  a  lifetime 
of  application  for  its  proper  investigation.  Thus,  day  by  day,  the 
average  geologist  becomes  more  and  more  of  a  specialist ;  possessing, 
it  may  be,  a  knowledge,  more  or  less  perfect,  of  that  minor  section 
of  his  ^eat  subject  which  the  accidents  of  training  and  locality  have 
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made  familiar  and  attractive  to  him,  but  forced  to  found  his  ideas 
respecting  the  rest  of  the  geological  world  upon  the  data  furnished 
by  the  discoveries  and  speculations  of  others.  Scattered  as  these 
are  in  the  maps  and  memoirs  of  the  Survey,  and  in  the  pages  of 
multifarious  and  often  inaccessible  scientific  publications,  he  cannot 
be  sufficiently  grateful  to  those  who  have  the  opportunity  and 
patience  to  reduce  this  mass  of  heterogeneous  material  to  order,  and 
bring  a  summary  of  the  more  important  results  before  his  eyes  at  a 
single  glance  in  a  general  geological  map  like  the  present. 

We  know  of  no  other  map  of  this  class  in  which  this  task  has 
been  so  perfectly  and  so  conscientiously  performed.  Prof.  Geikie,  in 
his  official  capacity  as  head  of  the  Sootoh  Survey,  enjoys  exceptional 
advantages  in  the  command  of  numberless  geological  details  as  yet 
unpublished,  and  in  his  perfect  familiarity  with  the  ground  mapped 
by  himself  and  his  subordinates.  But  he  also  brings  other  and  far 
more  vital  qualifications  to  the  execution  of  his  task.  No  one  has 
personally  added  more  to  our  knowledge  of  the  physical  structure 
of  Scotland,  or  has  thought  more  profoundly  over  the  many  unsolved 
problems  of  its  geology.  There  are  few  districts  in  the  country  to 
which  his  eloquent  writings  have  not  imparted  a  new  interest ;  and 
there  is  scarcely  a  single  formation  in  its  geological  series  in  which 
he  has  not  added  to  our  previous  knowledge  by  discovery  or  original 
observation.  To  him  also  is  mainly  due  that  excellent  little  map  of 
Scotland  published  by  Johnston  in  1862,  in  which  the  so-called 
Lanrentian,  Cambrian,  and  Silurian  rocks  of  the  Highlands  were 
laid  down,  and  the  first  successfid  attempt  was  made  to  delineate 
with  correctness  the  distribution  and  mutual  relationships  of  the 
Soottiah  deposits  in  general. 

In  the  compilation  of  his  facts  the  author  has  not  only  availed 
himself  of  the  vast  mass  of  new  details  worked  out  by  himself  and 
tiie  officers  of  the  Geological  Survey,  who  have  now  practically 
finished  the  mapping  of  that  portion  of  Scotland  lying  to  the  south 
of  the  metamorphic  rocks  of  the  Highlands,  but  he  has  profited  to 
the  full  by  the  facts  detected  in  other  areas  by  Harkness,  Jamieson, 
Jodd  and  others.  The  topography  of  the  map  is  by  Mr.  T.  B. 
Johnston,  and  is  perfect  in  its  way.  By  the  omission  of  all  hill- 
shading,  and  by  the  use  of  skeleton-letters  for  the  names  of  the 
chief  natural  features,  etc.,  much  of  the  ground  of  the  map  is  left 
bare,  and  room  is  thus  gained  for  the  insertion  of  a  large  amount  of 
geological  detaiL 

The  system  of  colouring  adopted  is  that  which  has  long  been  in 
use  in  the  publications  issued  by  the  Geological  Survey  of  Britain 
— the  different  shades  of  red  being  employed  almost  exclusively  to 
mark  the  various  classes  of  igneous  rock.  This  plan  is  so  simple 
and  oonvenient  in  application,  and  so  valuable  as  a  distinct  aid  to 
the  memory,  that  it  should  be  employed  invariably  upon  all  maps, 
where  several  different  formations  are  represented.  One  other 
feature  of  thia  map  cannot  be  too  strongly  commended.  With  one  or 
two  minor  exceptions — and  these  perhaps  unavoidable — all  the  tints 
are  quiet  in  tone.  We  have  none  of  those  painful  contraatft  o^  IdlvoX. 
DacAimxi. — roL.  v. —no.  hi,  ^ 
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and  almost  invisible  washes  placed  side  by  side  with  glaring 
splashes  of  brilliant  paint,  which  disfigure  even  some  of  the  beet  of 
the  Survey  maps.  Here,  while  the  brighter  colours  mark  at  a  glance 
the  localities  of  the  igneous  interruptions  to  the  general  continuity 
of  the  more  soberly  tinted  aqueous  deposits,  the  general  tone  of  the 
map  is  quiet  and  subdued.  Not  a  single  detail  is  obecured,  and  the 
general  effect  is  grateful  and  pleasing  to  the  eye. 

In  indicating  the  main  points  of  advance  made  by  the  present 
map  upon  its  predecessors,  we  shall  pass  over  the  earlier  geological 
maps  of  M*Culloch  and  Nicol,  and  restrict  our  observationB  to  a 
comparison  with  the  small  map  of  Murchison  and  Gbilde  already 
referred  to,  and  which  was  professedly  the  first  sketch  for  the  geolo- 
gical map  of  which  the  present  publication  is  the  completed  design. 

Beyond  the  more  exact  delineation  of  the  boundaries  of  the 
Lewisian  gneiss  and  the  Torridon  sandstones,  we  are  presented  with 
nothing  new  in  the  fundamental  rocks  of  SuUierland  and  Boas.  The 
larger  scale  of  the  map,  however,  not  only  admits  of  the  more  predse 
definition  of  the  limits  of  the  various  divisions  of  the  Highland 
metamorphio  rocks,  but  a  vast  amount  of  new  detail  is  inserted.  In 
the  all-important  area  of  the  North-west  Highlands  the  great  Durine 
band  of  quartz-rock  is  seen  to  be  by  no  means  so  broad  or  so  in- 
variable a  geographical  feature  in  that  district  as  appeared  from  the 
earlier  map,  nor  do  its  two  limestones  always  appear  to  occupy  the 
same  relative  places  in  the  general  series. 

The  quartz-rocks  which  imbed  the  classic  limestones  of  Glen  Tilt 
are  no  longer  figured  as  forming  a  vast  elliptical  island  in  the  meta- 
morphio schists,  but  are  seen  to  be  extended  far  to  the  north  in  the 
wilds  of  Badenoch,  and  to  form  four  narrow  strips  running  through 
Banff  and  Aberdeen  to  the  shores  of  the  German  Ocean.  On  the 
other  hand,  although  the  line  of  anticlinal  axis,  running  from  Loch 
Tay  to  the  mouth  of  Loch  Fyne,  is  distinctly  laid  down,  the  great 
sheet  of  supposed  quartz-rocks  which  formerly  accompanied  it,  and 
was  believed  to  be  prolonged  to  the  Mull  of  Cantire,  is  now  coloured 
as  of  later  age,  and  the  limestones  which  partially  defined  its  upper 
boundaries  are  now  theoretically  placed  at  the  summit  of  the  suc- 
ceeding schistose  formation,  instead  of  at  its  base. 

The  clay-slate  formation  of  the  older  geologists  again  finds  its 
special  place  and  colour  upon  the  map,  and  we  recognize  with 
something  akin  to  pleasure  our  old  and  well-nigh  forgotten  ac- 
quaintance, in  its  original  position  along  the  southern  margin  of  the 
Highlands.  Its  geologic  place,  however,  appears  to  be  to  the  full 
as  difficult  of  definition  as  ever.  If  we  may  trust  the  Argyllshire 
sections  and  the  legend  on  the  map,  it  must  be  separated  from  the 
basal  quartz-rock  formation  by  an  enormous  series  of  micaceous 
schists.  If  the  Banffshire  sections  are  to  guide  us,  it  must  repose  at 
once  upon  the  quartz-rock  formation,  without  the  intervention  of 
any  schistose  beds  whatever. 

Turning  next  to  the  unaltered  deposits  of  the  Southern  Uplands, 

we  notice  that  the  Upper  Silurian  colouring  has  been  very  properly 

extended  to  the  schists  and  flagstones  of  Langholm  and  Stobo, 
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which  lie  to  the  south  of  the  Hawick  rocks,  and  agree  in  every 
respect  with  the  Coniston  Flags  and  Grits  of  the  North  of  England. 
Although  the  officers  of  the  Survey  have  satisfied  themselves  of  the 
eziBtenoe  of  several  important  divisions  in  the  so-called  Llandeilo 
series  of  grey  wackes  whose  contorted  beds  floor  almost  the  whole  of 
the  Uplands,  no  attempt  has  been  made  to  define  their  limits  upon 
the  small  scale  of  this  map.  A  new  and  most  valuable  feature  is 
seen,  however,  in  the  insertion  of  the  main  lines  of  black  shale  in 
the  central  districts  and  GhJloway,  but  no  distinction  is  made 
between  the  so-called  Upper  and  Lower  groups.  These  omissions 
are  compensated  to  a  certain  extent  by  a  marginal  section  through 
the  central  portion  of  the  Silurians  from  the  Cheviots  to  Tinto. 
Here  the  Ardwell  or  Hawick  rocks  are  figured  as  being  covered  un- 
oonformably  to  the  south  by  the  Biccarton  Beds  of  the  Upper  Silurian, 
bat  the  hypothetical  nature  of  the  break  is  carefully  indicated 
by  a  note  of  interrogation.  The  thin  deposit  of  the  Moffat  Shales  is 
shown  as  reposing  upon  the  Ardwell  Beds  and  passing  below  the 
Queensberry  Grits  to  the  south  of  Ettrick  Pen,  and  on  both  slopes 
of  the  Moffett  Valley.  It  is  a  little  awkward  for  this  theory  that 
there  are  no  black  shales  in  this  position  to  the  south  of  Ettrick  Pen, 
nor  for  many  miles  to  the  north-east ;  while  the  extension  of  this 
strike  to  the  south-east  would  carry  us  deep  into  typical  Ardwell 
Beds.  At  the  same  time  the  black  bands  on  the  opposite  side  of  the 
Moffat  Valley  happen  to  be  the  most  easily  demonstrated  anticlinal 
forms  in  the  whole  of  the  Moffat  district. 

The  numerous  patches  of  calcareous  grit  and  conglomerate  with 
Oaradoc  and  Llandovery  fossils  are  shown  by  a  distinct  colour  upon 
the  map.  In  addition  to  the  typical  area  of  Duntercleuch,  the  corre- 
sponding strata  of  Eilbucho,  Wrae  Hill,  Moniave,  etc.,  are  marked  as 
of  Caradoc  age.  In  the  section  they  are  represented  as  unconformable 
upon  the  Llandeilo  greywackes.  This  classification  has  been 
extended  to  the  interesting  Girvan  area.  The  great  fault  formerly 
Bopposed  to  cut  off  the  Llandeilos  of  the  Uplands  from  the  Girvan 
beds  is  omitted,  and  the  Caradoc  tint  is  restricted  to  the  two  small 
and  possibly  unconformable  patches  of  Assel  and  Craighead. 

A  special  and  highly  interesting  feature  of  this  map  is  the  develop- 
ment and  classification  of  the  rocks  which  lie  between  the  summit 
of  the  true  Upper  Silurian  and  the  acknowledged  base  of  the  Scottish 
Carboniferous  Limestone.    The  long  line  of  fault  throwing  down 
the  Red  Sandstone  of  Strathmore  from  Stonehaven  to  Loch  Lomond 
is   here,  for   the  first  time,  shown  in  its  true  position;   and  the 
im^^ar  boundary  of  the  basal  conglomerate  upon  the  clay-slates 
of  the  southern  margin  of  the  Highlands  is  carefully  shown  from 
the  -work  of  Professor  G^eikie  and  his  assistants.     The  more  im- 
portant results  of  the  recent  work  of  the  officers  of  the  Survey  in 
Forfar  and  Kincardine  are  filled  in.    Special  care  has  been  bestowed 
upon    the  strangely  interlaced  group  of  felstones,  ashes,  and  sand- 
stones   of  the  Sidlaws,  Ochils   and   Pentlands,  every  conspicuous 
n>ck-Bheet  being  laid  down  with  painful  minuteness. 
In  aooordanoe  with  the  views  broached  by  Professor  Ge\k\^m\^1^ 
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the  80-called  Lower  and  Middle  Old  Bed  Sandstones  south  of  the 
Grampians  are  regarded  as  constituting  a  single  formation ;  the 
unconformity  visible  between  Tinto  and  the  Pentlands  being  looked 
upon  as  a  local  feature  dependent  upon  the  igneous  action  so  rife 
at  that  period.  In  the  face  of  the  evidences  he  has  adduced,  it  is 
impossible  to  resist  the  conviction  that  this  arrangement,  so  far  as 
these  beds  are  concerned,  is  the  one  which  is  most  convenient  and 
most  in  accordance  with  the  order  of  nature  ;  and  in  these  respects 
it  must  be  looked  upon  as  a  decided  gain.  His  second  conclusion, 
namely,  that  the  Caithness  Flagstones  are,  in  all  probability,  of  con- 
temporaneous age  with  the  admitted  Lower  Old  Bed  Sandstones  of 
Perth  and  Lanark,  is  of  too  sweeping  a  nature  to  be  so  readily  con- 
ceded. The  author  seems  fully  aware  of  this  fact ;  for  though  the 
beds  are  coloured  as  of  Lower  Old  Bed  i^  upon  the  map,  the 
original  lettering,  expressive  of  their  Middle  Old  Bed  age,  is  still 
retained. 

His  third  and  most  important  conclusion,  that  everywhere 
throughout  Scotland  the  so-called  Upper  Old  Bed  Sandstone  reposes 
with  a  violent  unconformability  upon  all  the  underlying  rocks,  and 
shades  upwards  into  the  basal  beds  of  the  Carboniferous,  is  made  to 
do  great  service.  This  subformation  is  here  coloured  as  if  of  Old 
Bed  Sandstone  age,  but  is  bracketed  with  the  Carboniferous.  The 
detection  of  marine  fossils  characteristic  of  the  Carboniferous  Lime- 
stone in  red  beds  far  inferior  in  geologic  position  to  the  theoretical 
base  of  the  Cement-Stone  group,  or  Upper  Calciferous  Series,  of 
Arran,  is  very  naturally  regarded  as  of  immense  weight,  and  is  held 
as  sufficient  in  itself  to  demonstrate  the  co-existence  of  the  typical 
Upper  Old  Bed  Sandstone  fauna  with  that  of  the  Oeu-boniferous 
Limestone.  The  red  or  lower  division  of  the  Calciferous  Sandstone 
Series  is  therefore  no  longer  united  to  the  upper  or  grey  division, 
but  is  grouped  with  the  underlying  and  liihologically  similar  forma- 
tion of  the  Upper  Old  Bed  Sandstone. 

This  change  we  believe  to  be  wholly  uncalled  for,  especially  in 
the  present  stage  of  the  Devonian  controversy,  when  every  step 
should  be  made  with  the  greatest  circumspection.  All  who  have 
interested  themselves  in  this  question  are  well  aware  that  in  the 
south-west  of  Ireland,  the  Upper  Old  Bed  Sandstones  are  separated 
from  the  lowest  Carboniferous  Limestones  by  the  enormous  mass  of 
the  Coomhoola  Series  and  the  Lower  Limestone  Shales.  These 
rapidly  thin  out  as  we  proceed  to  the  north,  until  the  Carboniferous 
Limestone  rests  at  once  upon  Silurian  rocks.  Still  further  to  the 
north  the  Limestone  itself  is  divided  into  an  upper  and  lower 
portion  by  the  intercalation  of  the  sandstone  beds  of  the  Calp. 
Almost  upon  the  same  parallel  the  interesting  researches  of  Mx. 
Groodchild  have  made  it  evident  that  the  Carboniferous  Limestone  of 
Westmorland  is  similarly  divided  into  an  Upper  and  Lower  portion 
by  the  gradual  intercalation  of  the  Ash  Fell  Sandstones,  etc.,  with 
a  few  calcareous  bands.  The  arenaceous  rocks  thicken  out  as  we 
pass  northward  to  Cross  Fell,  while  the  underlying  lower  portion  of 
the  Carhoniferoua  Limestone  simultaneously  thins  away   till  the 
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arenaceous  rocks  rest  immediately  upon  the  Silurians.  The  Scottish 
Calciferous  Sandstones  are  admitted  to  he  actually  the  northerly 
extension  and  expansion  of  these  red  and  grey  sandstones  of 
Westmorland.  In  other  words,  they  are  simply  arenaceous  repre- 
sentatives of  the  Lower  or  central  portion  of  the  English  Oarho- 
niferous  Limestone.  The  greater  abundance  of  these  coloured 
sandstones  in  the  Carboniferous  rocks  of  Arran  is  in  exact  corre- 
spondenoe  with  the  general  behaviour  of  the  strata  of  this  system  in 
Britain  generally  ;  and  the  presence  of  the  Carboniferous  Limestone 
fossils,  even  in  their  very  lowest  beds,  instead  of  being  matter  for 
astonishment,  and  an  argument  for  a  local  revolution  in  our  present 
plan  of  classification,  is,  on  the  other  hand,  so  natural  and  inevitable 
under  our  present  ideas  of  the  relationships  of  the  Upper  Old  Red 
and  the  Carboniferous,  that,  from  an  d  priori  point  of  view,  it  is  almost 
impossible  to  conceive  how  the  facts  should  have  been  otherwise. 

Of  the  Carboniferous  formation  itself,  four  divisions  are  noted  by 
the  author — ^the  Calciferous  Sandstones,  the  Carboniferous  Lime- 
stone, the  Millstone  Grit,  and  the  Coal-measures.  The  first  of  these, 
under  the  arrangement  already  described,  includes  only  the  Upper 
or  Cement-stone  division  of  the  original  Calciferous  rocks.  The 
limits  of  these  sub-groups  are  accurately  traced  through  the  whole 
of  the  Central  Valley.  The  disputed  coal-field  of  Canobie  is  fixed 
as  belonging  to  the  true  Coal-measures,  and  the  wide  sheet  of  Car- 
boniferous rocks  in  Eskdale,  etc.,  has  been  removed  to  the  Calci- 
ferous Sandstones. 

The  Permian  areas  of  Annan,  Dumfries,  Thomhill  and  Moffat, 
have  now  for  the  first  time  their  limits  correctly  laid  down.  No 
alteration  is  made  in  the  outline  of  the  Triassic  district  in  the  neigh- 
bourhood of  Elgin ;  but  the  small  patch  of  rocks  of  this  age  dis- 
oovered  by  Professor  Judd  near  Dunrobin  is  indicated  upon  the 
map,  and  the  complete  dissipation  of  the  doubts  regarding  the 
actual  presence  of  this  formation  in  Scotland  is  distinctly  acknow- 
ledged in  the  removal  of  the  note  of  interrogation  from  its  title  in 
the  margin. 

Indeed,  the  masterly  papers  of  Professor  Judd  have  proved  a  mine 
of  wealth  to  the  author.  As  far  as  possible  all  the  more  important 
details  worked  out  by  him  are  here  inserted.  The  Jurassics  of 
Satherland  and  the  Western  Isles  are  coloured  in  two  divisions  ;  the 
Cretaceous  rocks  find  for  the  first  time  in  the  map  of  Scotland 
their  special  place  and  colour;  and  the  geological  structure  of  the 
volcanic  region  of  Mull  and  the  adjacent  coasts  is  delineated  with  a 
minuteness  and  clearness,  which,  when  we  consider  the  small  scale 
of  the  map,  is  almost  marvellous. 

Glacial  and  post-Tertiary  geology  generally  comes  in  for  a  full 
share  of  attention.  Over  the  whole  country  are  arrows  showing  the 
local  direction  of  the  glacial  strise.  The  main  streams  of  glacial 
debris  and  morainic  matter  are  dotted  in  over  the  Lowlands,  and 
upon  both  flanks  of  the  Grampian  range.  The  raised  beach,  the 
fertile  carse  of  alluvium  and  the  barren  tract  of  blown  sand,  are 
separately  indicated,  each  by  its  special  and  appropriate  ahadA  <^C 
colour. 
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In  poiut  of  tixecation  and  finish  the  marginal  sections  are  de- 
ciledly  inferior  to  the  main  body  of  the  map.  They  are  six  in 
number,  and  illustrate  the  geological  structure  of  the  Highlands, 
Forfar,  the  Southern  Uplands,  the  Midland  Valley,  and  the  Volcanic 
Begion  of  Mull  and  Morven. 

The  igneous  rocks  have  been  laid  down  with  special  care.  They 
ard  distinguished  by  a  separate  type  of  colour  according  as  they 
belong  either  to  the  acidic  or  pyroxenic  and  basic  series  ;  the  main 
species  of  each  group  being  separated  by  variations  in  depth  of 
tint.  Much  advance  has  also  been  made  in  their  chronological 
ari-angement.  The  main  geographical  masses,  whose  age  has  been 
satisfactorily  determined,  are  marked  upon  the  map  by  the  letter  or 
figure  significant  of  the  epoch  to  which  they  belong.  The  outlines 
of  the  chief •  granitic  areas  of  the  Uplands  and  Highlands  are 
corrected ;  but  although  the  author  has  elsewhere  shown  that  there  is 
a  high  probability  that  they  are  of  Old  Bed  age,  he  has  wisely 
refrained  from  fixing  their  systematic  position  upon  the  map.  The 
ring  of  igneous  rock  which  surrounds  the  great  Valley  of  Central 
Scotland  is  now  lettered  as  being  composed  of  two  portions  of  very 
different  ages.  The  Pentlands  and  Ochils  belong  to  the  Old  Bed 
Sandstone,  while  the  Oampsie  Fells  and  the  hills  of  Benfrew  and 
Cunningham  are  classed  with  the  Lower  Carboniferous.  The  Cheviot 
porphyries  are  correctly  mapped  for  the  first  time,  and  are  definitely 
assigned  to  the  earlier  of  these  epochs.  The  main  sheets  of  igneous 
rock  among  the  Upper  Old  Bed  beds  of  Boxburgh  are  inserted, 
and  the  peculiar  amygdaloidal  trap  which  lies  at  the  base  of  the 
Carboniferous  Sandstones  of  Biccarton,  is  traced  continuously  from 
the  northern  flanks  of  the  Cheviots  into  the  well-known  igneous 
mass  of  Barnswark  in  Annandale. 

Of  the  thorough  correctness  of  the  geological  portion  of  the  map 
we  can  speak  with  perfect  confidence,  as  it  has  been  our  faithful 
companion  in  many  a  geological  excursion,  not  only  in  the  well- 
known  beds  of  the  Central  valley,  but  also  among  the  more  enigma- 
tical strata  of  the  Uplands  and  Highlands,  and  we  have  invariably 
found  it  correct. 

In  the  multiplicity  of  its  detail,  in  the  conscientious  accuracy  of 
its  workmanship,  and  in  its  fitness  for  the  special  purpose  it  is  in- 
tpnded  to  subserve,  this  map  is  unique  in  its  class.  It  is  creditable 
alike  to  its  author  and  to  its  publisher,  and  is  simply  invaluable  to 
those  who  wish  to  possess  an  accurate  knowledge  of  the  geological 
structure  of  Scotland.  C  Lapworth. 


The  Geologists'  Association. — At  a  meeting  held  at  University 
College  on  the  4th  January  last,  Mr.  H.  Goss,  F.L.S.,  F.G.S.,  etc., 
communicated  a  paper  on  "  The  Insect  Fauna  of  the  Secondary  or 
Mesozoic  Period,  and  the  British  and  Foreign  Strata  in  which 
Insect-remains  have  been  detected."  After  making  some  intro- 
ductory observations  and  calling  attention  to  the  writings  and  in- 
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Testigations  in  the  United  Kingdom  of  Dr.  Henry  Woodward,  F.R.S., 
the  Rev.  P.  B.  Brodie,  Prof.  Westwood,  the  Rev.  Osmond  Fisher,  and 
others,  Mr.  Gross  observed  that  the  majority  of  the  fossil  insects  from 
British  strata  of  the  Secondary  period  had  been  obtained  from 
the  Upper  Oolite  (Purbeoks)  and  from  the  Lias,  and  that  nearly  all 
the  European  specimens  had  been  discovered  in  the  Solenhofen  slate 
of  Bavaria,  or  in  the  Lias  of  the  Swiss  Alps.  Allusion  was  made  to 
the  difference  in  the  state  of  preservation  of  insects  from  British 
strata  of  this  period  as  compared  with  that  of  those  from  the  Solen- 
hofen slate,  and  the  probable  reasons  for  this  difiference  in  the  state 
of  preservation  were  stated.  The  names  of  the  principal  discoverers 
and  students  of  fossil  insects  from  Secondary  rocks  on  the  Con- 
tinent of  Europe,  including  those  of  Professor  Germar,  Count 
Miinster,  Dr.  Hagen,  Professor  Heer,  Dr.  Qiebel,  etc.,  were  then 
mentioned,  and  Mr.  S.  H.  Scudder  was  referred  to  as  the  chief 
worker  4q  America. 

The  various  strata  of  this  period,  both  in  the  United  Kingdom 
and  on  the  Continents  of  .Europe  and  America,  in  which  fossil 
insects  had  been  detected,  were  then  enumerated  in  the  descending 
order  of  geological  succession. 

It  appeared  that  a  few  insect-remains  had  been  obtained  from  the 
Weald  Clay  and  Hastings  Sands,  and  a  great  number  from  the 
Pnrbeck  strata  of  Dorsetshire,  Wiltshire,  and  Buckinghamshire, 
especially  from  those  of  the  first-named  county.  The  species  which 
had  been  identified  belonged  to  the  orders  Coleoptera,  Orthoptera, 
Neuropiera,  Hemiptera,  Diptera  and  Hymenoptera,  and  more  than 
half  of  those  from  the  Dorset  Purbeoks  belonged  to  the  first-named 
order.  The  Purbeck  species  appear  as  a  rule  to  be  closely  allied  to 
existing  forms,  and  the  small  size  of  the  majority  of  them  was,  in 
the  opinion  of  Professor  Westwood,  indicative  of  a  temperate  climate ; 
but  from  the  nature  of  the  remains  of  other  orders  of  animals,  and 
of  the  plants  from  these  strata,  the  prevalence  of  such  a  climate 
during  this  period  seemed  improbable. 

A  few  Elytra  of  Coleoptera  were  recorded  from  the  Kimmeridge 
Clay,  the  Forest  Marble  and  the  Great  Oolite,  and  the  remains  of 
one  insect,  which  Professor  Westwood  thought  might  be  referred  to 
a  larva  of  LibeUvla,  had  been  found  in  the  Oxford  Clay.  The 
remains  from  the  Stonesfield  slate  were  principally  Elytra  of  Coleo- 
ptera, but  they  also  included  a  few  Neuroptera  and  two  doubtful 
specimens  of  Lepidoptera.  One  of  the  supposed  Lepidoptera  (which 
had  been  described  and  figured  by  Mr.  A.  G.  Butler,  and  named  by 
him  Palaontina  Ooliiica)  was  considered  by  Mr.  Scudder  to  be 
Homoplerous  rather  than  Lepidopterous,  and  allied  to  Cicada. 

A  great  quantity  of  insect-remains  had  been  obtained  from  the 
Lias  and  Rhsetics,  but  they  were  generally  in  such  a  fragmentary 
condition  that  the  bulk  of  them  could  not  be  identified.  About  56 
species  had  been  determined,  and  they  had  been  referred  by  West- 
wood  and  Brodie  to  the  orders  Coleoptera  (29  species),  Neuroptera 
(12  species),  Orthoptera  (7  species),  Hemiptera  (6  species),  and 
Diptera  (2  species)  ;  but  no  traces  of  Hymenoptera  or  Lepido]^tera 
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bad  been  met  witb,  and  tbe  remains  referred  to  ibe  Dipiera  were 
yery  doubtful. 

Tbe  Lias  inseots,  altboagb  apparently  belonging  from  tbeir  size 
to  a  temperate  climate,  differed  from  tbose  from  Purbeck  strata  in 
being  less  closely  allied  to  European  forms,  and  approacbing  nearer 
to  tbose  now  inhabiting  Nortb  America. 

On  tbe  Continent  of  Europe  a  few  remains  of  insects,  wbicb  bad 
been  referred  to  CarabidcB  and  CurcuUonidcB,  bad  been  obtained  from 
tbe  Cretaceous  strata  in  tbe  neigbbourbood  of  Aix-la-Cbapelle,  aod 
a  few  traces  of  insects  bad  also  been  noticed  by  Dr.  Geinitz  in  tbe 
Greensands  of  Saxony. 

Attention  was  tben  drawn  to  tbe  remains  from  tbe  Sdenbofen 
slate,  wbicb  bad  been  referred  by  Germar,  Munster,  Hagen  and 
Giebel  to  insects  belonging  to  tbe  orders  CoUopiera,  OrihopUra, 
NeuropterOy  Hymenopteray  Hemipiera,  Lepidoptera  and  THpiera.  Tbe 
order  Neuroptera  appeared  better  represented  tban  any  otber,  and 
comprised  many  gigantic  species,  most  of  wbicb  were  referred  by 
Hagen  to  extinct  genera,  tbougb  some  of  tbem  were  allied  to  exist- 
ing Ameiican  and  Australian  species. 

From  tbe  Lias  of  Sbambelen  in  tbe  Swiss  Alps  about  2000 
specimens  bad  been  obtained  by  Professor  Heer,  wbicb  comprised 
148  species,  116  of  wbicb  be  bad  referred  to  Coieoptera,  7  to 
Orthoptera,  7  to  Neuroptera,  12  to  Hemptera,  and  1  to  Hymenopiera, 
Tbe  majority  of  tbe  insects  from  tbe  Swiss  Lias  were  small  like 
tbose  from  Britisb  strata  of  tbe  same  period. 

Only  five  insects  appeared  to  bave  been  found  in  European 
Triassic  rocks,  viz.  two  species  from  tbe  Eeuper  of  Vadutz  and 
tbree  species  from  tbe  Bunter  Sandstein^  of  Trebitz  and  Salzmunde. 
In  conclusion,  allusion  was  made  to  certain  traces  of  insects  in  tbe 
IVias  of  tbe  Connecticut  Valley  (Nortb  America)  wbicb  bad  been 
referred  to  by  Mr.  S.  H.  Scudder. 

Geological  Society  of  London. — I. — January  9,  1878. — Prof. 
P.  Martin  Duncan,  M.B.,  F.R.S.,  President,  in  tbe  Cbair. — ^Tbe 
following  communications  were  read  : — 

1.  ''On  tbe  Great  Flat  Lode  soutb  of  Bedrutb  and  Camborne." 
By  Dr.  C.  Le  Neve  Foster,  B.A.,  F.G.S. 

Tbe  autbor  described  tbe  mode  of  occurrence  of  tbe  stanniferous 
deposit  known  as  tbe  Great  Flat  Lode,  tbe  mines  worked  in  wbicb 
extend  for  a  distance  of  3^  miles,  and  furnisb  about  one-eigbth  of 
all  the  tin  raised  in  Cornwall.  Tbe  mines  in  question  are  Wbeal 
Uny,  Soutb  Cam  Brea,  West  Wbeal  Basset,  Soutb  and  West  Wbeal 
Frances,  Soutb  Condurrow,  and  Wbeal  GrenviUe;  and  in  all  tbe 
lode  dips  at  a  mucb  loss  angle  tban  tbe  average  of  Comisb  veins, 
the  dip  at  Wheal  Uny  being  only  about  46°  S.  Throughout  the 
lode  contains  a  small  leader,  usually  only  a  few  inches  wide, 
occupying  the  space  due  to  the  shifting  of  tbe  two  sides  of  a 
fissure,  and  filled  partly  mechanically,  partly  chemically.  Above  or 
below,  or  on  both  sides  of  this,  there  is  a  mass  of  stanniferous  schorl 

^  Yierteljahrsscbrift  der  Naturforschenden  Gesellachaft  in  Zurichi  Yiertes  Heft, 
p.  297,  andHeefB  Urwelt  der  Schweiz. 
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rock  from  4  to  15  feet  wide ;  this  contains  from  1  to  3  per  cent  of 
oassiterite,  in  little  grains,  or  in  strings  or  veins.  Schorl  rock,  very 
poor  in  tin  (locally  called  capel  or  greyhack),  separates  the  lode 
from  the  surrounding  granite  or  killas,  but  passes  on  one  side  into 
the  lode,  and  on  the  other  into  the  granite  or  killas,  so  that  no  wall 
is  recognizable.  Fropoi  these  characters  the  author  inferred  that  the 
lode  and  the  capel  are  merely  altered  rocks,  the  fissure  now  occupied 
by  the  leader  having  served  to  bring  up  vapours  or  solutions  which 
have  entirely  changed  the  rocks  on  both  sides  of  it  In  support 
of  his  opinion,  thenftuthor  adduced  .other  instances  of  the  change  of 
both  granite  and  killas  into  schorl  rock;  and  further  stated  that, 
both  at  South  Condurrow  and  Wheal  Grenville,  he  has  found  in  the 
schorl  rock  cavities  as  large  as  a  pea,  agreeing  in  form  with  crystals 
of  orthodase  felspar. 

2.  '*0n  some  Tin-mines  in  the  Parish  of  Wendron,  Cornwall." 
By  Dr.  C.  Le  Neve  Foster,  B.A.,  F.G.S. 

The  mines  described  in  this  paper  are  called  Balmynheer,  the 
Lovell,  and  South  Wendron.  In  the  former  the  stanniferous  deposit 
consists  of  a  large  irregular  mass  of  rock  30-60  feet  thick;  its 
dip  is  N.,  at  an  angle  of  about  30°,  and  its  strike  E.  32°  N.,  along 
which  it  has  been  traced  for  36  fathoms.  The  tinny  rock  is  separated 
from  the  granite  above  by  a  slide  or  vein  of  white  clay,  with  a 
little  quartz  and  mica,  about  6  inches  thick,  but  passes  insensibly 
into  the  granite  below.  At  the  Lovell  Mine  there  are  two  lodes, 
north  and  south,  the  former  striking  from  37°  to  45°  N.  of  E.  and 
dipping  N.W.  at  an  angle  of  about  70°,  the  latter  running  E.  48°  N. 
and  dipping  N.N.W.  about  60°^  so  that  the  two  lodes  unite  in  going 
eastward  and  in  depth.  The  lode  is  separated  on  one  or  both  sides 
from  the  adjoining  granite  by  a  rock  locally  known  as  *'  cab,"  6-12 
inches  thick,  composed  of  quartz,  mica,  gilbertite,  chlorite,  iron 
pyrites,  copper  pyrites,  and  a  little  schorl.  The  lode  itself  shows 
joints  which  are  mere  planes  of  division  in  the  rock,  and  usually 
have  the  same  strike  and  dip ;  divergent  joints  also  occur,  and  where 
these  traverse  the  granite,  they  carry  with  them  a  little  tin-stuff  for 
some  distance.  The  South  Wendron  Mine  is  worked  in  an  irregu- 
larly cylindroid  pipe  of  tinny  rock,  merging  gradually  on  all  sides 
into  the  granite  ;  the  shorter  axis  of  its  oval  section  is  about  10  feet, 
wliile  the  longer  axis  varies  from  20  to  60  feet  •  It  dips  at  an  angle 
of  49°  in  a  directioir<N.  25°  W.  The  stanniferous  rock  in  these  mines 
18  essentially  a  mixture  of  quartz,  chlorite,  gilbertite,  iron  pyrites, 
and  tin-ore,  with  zinc-blende  in  some  cases,  and  usually  some  mica ; 
fine  needles  of  tourmaline  occur  in  the  cavities  which  it  incloses. 
In  the  South  Wendron  Mine  the  southern  part  of  the  pipe  is  some- 
times very  granite-like  in  appearance,  consisting  of  pink  orthoolase 
crystals  imbedded  in  a  mass  of  quartz,  chlorite,  mica,  and  iron 
pyrites,  with  a  little  copper  pyrites,  fluor,  and  tin-ore.  One  specimen 
IS  a  trae  stanniferous  granite.  These  characters  lead  the  author  to 
the  same  conclusion  he  has  arrived  at  in  the  case  of  the  Great  Flat 
Lode,  namely,  that  these  tin  deposits  consist  entirely  of  altered 
granite,  and  are  not  ordinary  mineral  veins ;  they  have  no  walls> 
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bat  the  stanniferous  rock  passes  gradually  into  granite ;  and  they 
show  no  signs  of  banded  structure  due  to  the  successive  deposition 
of  minerals.  The  highly  granitic  character  of  part  of  the  South 
Wendron  tin  deposit  is  strongly  confirmatory  of  this  view,  which  is 
further  supported  by  the  occurrence,  in  the  dark  mass  of  the  so- 
called  lode  at  the  Lovelli  of  pseudomorphs  of  quartz  after  orthodase 
containing  a  little  cassiterite. 

8.  "  On  some  of  the  Stockworks  of  Comwall."  By  Dr.  C.  Le 
Neve  Foster;  B.A.,  F.G.S. 

The  author  commenced  by  explaining  that  the  term  "Stockwork  " 
had  been  derived  from  the  Gt)rman  Stockwerck^  meaning  ''  Storey- 
work,"  in  allusion  to  the  method  of  working  in  steps  or  storeys 
in  open  workings  originally  adopted  for  such  deposits.  Their  being 
worked  in  open  quarries  affords  a  good  opportunity  of  studying  the 
mode  of  occurrence  of  tin  ;  and  many  of  them  are  interesting  on 
account  of  the  small  percentage  of  tin  which  will  cover  all  expenses. 
Thus,  in  the  Wheal  Prosper  Mine,  the  average  amount  of  oxide  of 
tin  obtained  per  ton  of  stuff  is  not  more  than  3  lbs.,  worth,  at  the 
present  price  of  "  black  tin,"  4t^d.  per  lb.,  so  that  the  ground  as  it 
stands  is  only  worth  13^d.  per  ton.  The  mine  can  be  worked 
without  loss  on  account  of  the  soilness  of  the  rock  and  the  large 
size  of  the  grains  of  tin-ore,  the  comparative  lightness  of  the  sub- 
stances associated  with  it,  and  the  command  of  water-power. 

The  deposits  worked  as  Stockworks  occur  in  Cornwall  in  killas, 
granite,  and  elvans.  The  tin-ore,  associated  with  quartz  and  with 
small  quantities  of  other  minerals,  is  found  in  more  or  less  parallel 
thin  veins  and  strings,  dipping  at  a  high  angle,  and  occasionally 
giving  t)ff  branches  or  unitiug  with  one  another  both  in  dip  and 
strike.  In  the  killas  the  rock  close  to  the  veins  is  occasionally 
altered  into  tourmaline  schist ;  in  the  granite  the  walls  of  the  veins, 
and  sometimes  the  whole  mass  of  granite,  are  altered  into  greisen 
and  schorl  rock.  At  Carclaze  the  orthoclase  of  the  intervening  bands 
of  granite  has  been  converted  into  china  clay,  which  is  now  the  main 
object  of  the  working.  At  Carrigan  the  leader  sometimes  adheres 
to  the  inclosing  rock  by  one  side  only,  the  other  being  bounded  by 
a  clay  vein  which  contains  broken  crystals  of  cassiterite,  indicating, 
in  the  author's  opinion,  that  a  movement  of  the  walls  has  taken 
place  since  the  deposition  of  the  tin-ore.  Of  the  Stockworks  in  elvans 
the  author  gave  a  list,  and  •  remarked  that  the  elvan  of  the  Terras 
Mine  is  particularly  interesting,  as  it  presents  a  series  of  cavities 
left  by  the  removal  of  orthoclase,  and  now  being  filled  up  with 
schorl  and  a  little  oxide  of  tin. 

4.  **  The  Precarboniferous  Rocks  of  Cham  wood  Forest"  Part  11. 
By  the  Rev.  E.  Hill,  F.G.S.,  Fellow  and  Tutor,  and  the  Rev.  Prof. 
T.  G.  Bonney,  F.G.S.,  Fellow  and  late  Tutor  of  St  John's  College, 
Cambridge. 

The  authors  described  the  result  of  the  microscopic  examination  of 
a  considerable  series  of  the  clastic  rocks  of  Chamwood.  Many  of 
these,  even  among  the  finer  beds,  prove  to  be  of  pyroclastic  origin. 
The  coarser  are  generally  composed  of  a  ground  mass  of  pulverized 
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felspar,  with  viridite  and  some  iron  peroxide,  fnll  of  larger  frag- 
ments of  felspar  crystals  (generally  both  of  orthoclase  and  plagio- 
clase)  and  lapilli.  The  structare  of  these  is  often  distinct,  some  are 
certainly  andesites,  others  some  kind  of  trachyte ;  slaty  fragments 
are  also  present,  and  occasional  grains  of  quartz.  The  authors 
express  their  opinion  that  all  the  larger  felspar  crystals,  and  most, 
if  not  all,  the  quartz  grains,  are  of  clastic  origin,  even  in  the  more 
highly  altered  varieties.  Some  of  the  larger  fragments  in  the 
breccias  were  examined,  and  referred  in  part  to  devitrified  trachytes 
not  very  rich  in  silica.  The  igneous  rocks  were  then  described. 
The  syenites  of  the  southern  and  northern  districts  were  shown 
probably  to  belong  to  one  system  of  intrusion.  The  homblendic 
granite  of  the  Quomden  district  was  also  described,  and  the  micro- 
scopic structure  of  the  different  varieties  of  it  and  the  above  inves- 
tigated. A  number  of  igneous  rocks  generally  forming  dykes  in 
these  was  described ;  some  appear  to  be  altered  basalts,  others 
andesites,  one  is  a  felsite,  another  a  diorite.  A  group  of  outlying 
igneous  rocks  in  the  vicinity  of  Narborough  was  described.  Of 
these,  one  is  a  quartz  felsite  with  some  hornblende ;  another  varies 
between  this  and  a  quartziferous  syenite  ;  the  rest  are  syenites,  and 
one  contains  so  much  plagioclase  as  to  be  almost  a  diorite.  One  of 
the  above,  near  En  derby,  is  seen  to  be  distinctly  intrusive  in  an 
altered  slaty  rock,  which  the  authors  h^ve  no  doubt  belongs  to  the 
Forest  series.  This  discovery  proves  the  igneous  character  of  these 
rocks  also,  and  extends  the  area  of  the  slaty  series  five  miles  further 
south  than  was  previously  known.  A  section  was  devoted  to  the 
faults  of  the  Forest  region.  Here  the  principal  fault  runs  along  the 
anticlinal  axis,  with  a  downthrow  on  its  eastern  side  which  di- 
minishes from  2500  feet  at  the  north  end  to  500  feet  at  the  south 
end.  East  of  this  the  beds  seem  undisturbed,  but  on  the  west  they 
are  shattered  by  many  faults,  whose  course  cannot  be  traced.  These 
are  most  numerous  near  Whitwick.  The  anticlinal  fault  is  Precar- 
boniferous. 

In  conclusion,  the  age  of  the  clastic  and  of  the  igneous  rocks  was 
discussed.  The  authors  inclined  to  the  opinion  that  the  former  are 
of  the  same  age  as  the  Borrowdale  series  of  the  Lake-district 
(Lower  Silurian)^  but  admitted  that  the  recent  discovery  of  agglo- 
merates in  the  Precambriam  rocks  of  Wales,  and  in  the  probably 
Precambrian  ridges  of  the  Wrekin  district,  weakens  the  arguments 
for  this  correlation.  They  do  not  think  that  there  is  any  reason  for 
supposing  them  Cambrian.  If  the  Ghamwood  series  is  Lower 
Silurian,  they  think  it  most  probable  that  the  syenites  and  the 
Quomden  granite  were  intruded  in  some  part  of  the  Old  Red  Sand- 
stone period,  and  that  the  later  dykes  were  very  probably  Postcar- 
boniferous  but  Pretriassic. 

II.— January  23,  1878.— Prof.  P.  Martin  Duncan,  M.B.,  F.R.S., 
President,  in  the  Chair. — ^The  following  communication  was  read  : — 

"  On  the  Secondary  Rocks  of  Scotland.  Part  III.  The  Strata  of 
the  Western  Coast  and  Islands."  By  John  W.  Judd,  Esq.,  F.B.S., 
F.O.S.,  Professor  of  Geology  in  the  Royal  School  of  Mines. 
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The  existenoe  of  scattered  patches  of  fossiliferons  strata*  lying  be- 
tween the  old  gneissio  rocks  and  the  masses  of  Tertiary  lava  in  the 
Hebrides  has  been  known  to  geologists  for  more  than  a  century. 
By  Dr.  Macculloch,  who  did  so  much  for  the  elucidation  of  the  in- 
teresting district  in  which  they  occur,  these  strata  were  referred  to 
the  Lias ;  but  Sir  Hoderick  Murchison  showed  that  several  members 
of  the  Oolitic  series  were  also  represented  among  them.  Later 
researches  have  added  much  to  our  knowledge  of  the  more  accessible 
of  these  isolated  patches  of  Jurassic  rocks  in  the  Western  Highlands. 

During  the  seven  years  in  which  he  has  been  eng^ed  in  the  study 
of  these  interesting  deposits,  the  author  of  the  present  memoir  has 
been  able  to  prove  that  not  only  is  the  Jurassic  system  very  com- 
pletely represented  in  the  Western  Highlands,  but  that  associated 
with  it  are  other  deposits  representing  the  Carboniferous,  Poikilitic 
(Permian  and  Trias)  and  Cretaceous  deposits,  the  existence  of  which 
in  this  area  had  not  hitherto  been  suspected;  and  by  piecing  to- 
gether all  the  fragments  of  evidence,  he  is  enabled  to  show  that 
they  belong  to  a  great  series  of  formations,  of  which  the  total 
maximum  thickness  could  have  been  little,  if  anything,  short  of  a 
mile. 

The  relations  of  the  scattered  patches  of  Mesozoic  strata  to  tbe 
older  and  newer  formations  respectively  are  of  the  most  interesting 
and  often  startling  character.  Sometimes  the  Secondary  rocks  are 
found  to  have  been  let  down  by  faults,  which  have  placed  them 
thousands  of  feet  below  their  original  situations  in  the  midst  of 
more  ancient  masses  of  much  harder  character.  More  usually  they 
are  found  to  be  buried  under  many  hundreds,  or  even  thousands  of 
feet  of  Tertiary  lavas,  or  are  seen  to  have  been  caught  up  and  in- 
closed between  great  intrusive  rock-masses  belonging  to  the  same 
period  as  the  superincumbent  volcanic  rocks.  Occasionally  the  only 
evidence  which  can  be  obtained  concerning  them  is  derived  from 
fragments  originally  torn  from  the  sides  of  Tertiary  volcanic  vents, 
and  now  found  buried  in  the  ruined  cinder-cones  which  mark  the 
sites  of  those  vents.  In  some  oases  the  mineral  characters  of  the 
strata  have  been  greatly  altered,  while  their  fossils  have  been  occa- 
sionally wholly  obliterated  by  the  action  of  these  same  igneous  forces 
during  Tertiary  times. 

In  every  case  the  survival  to  the  present  day  of  the  patches  of 
Secondary  rocks  can  be  shown  to  be  due  to  a  combination  of  most 
remarkable  accidents:  and  a  study  of  the  distribution  of  the  frag- 
ments shows  that  the  formations  to  which  they  belong  originally 
covered  an  area  having  a  length  of  120  miles  from  N.  to  S.,  and  a 
breadth  of  50  miles  from  E.  to  W.  But  it  is  impossible  to  doubt 
the  former  continuity  of  these  Secondary  deposits  of  the  Hebrides 
with  those  of  Sutherland  to  the  north-east,  with  those  of  Antrim  to 
the  south,  and  with  those  of  England  to  the  south-east.  From  the 
present  positions  of  the  isolated  fragments  of  the  Mesozoic  rocks, 
and  after  a  careful  study  of  the  causes  to  which  they  have  owed 
their  escape  from  total  removal  by  denudation,  the  author  concludes 
hat  the  greater  portion  of  the  British  Islands  must  have  onoe  been 
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covered  with  thousands  of  feet  of  Secondary  deposits.  Hence  it 
appears  that  an  enormous  amount  of  denudation  has  gone  on  in  the 
Highlands  during  Tertiary  times,  and  that  the  present  features  of 
the  area  must  have  been,  speaking  geologically,  of  comparatively 
recent  production — most  of  them,  indeed,  appearing  to  be  referable 
to  the  Pliocene  epoch. 

The  alternation  of  eetuarine  with  marine  conditions,  which  had, 
on  a  former  occasion,  been  proved  to  constitute  so  marked  a  feature 
in  the  Jurassic  deposits  of  the  Eastern  Highlands,  is  now  shown  to 
be  almost  equally  striking  in  the  Western  area  ;  and  it  is  moreover 
pointed  out  that  the  same  evidence  of  the  proximity  of  an  old  shore- 
line is  exhibited  by  the  series  of  Cretaceous  strata  in  the  West. 

The  succession  and  relations  to  one  another  of  the  series  of  de- 
posits, now  described  as  occurring  in  the  Western  Highlands,  is 
given  in  the  following  Table  : — 

Miocene  Volcanic  and  Intervoleanie  Roche. 

feet. 

9  I     1.  Estuarine  clays  and  Bands  with  coal       20-f- 

I  J     2.  White  Chalk  with  flints  (Zone  of  Belemnitella  mueronata)  ...     -.  lO-f- 

^  ]     3.  Estuarine  Sandstones  with  coal 100 

4.  Upper  Greensand  heds     •     GO 


o 


Unconformity. 


6.  Oxford  clay       ...     ... 

6.  Great  Estoarine  Series 

7.  Lower  Oolite     

ft  J     8.  Upper  Lias       

g  ]     9.  Middle  Lias       

'  10.  Lower  Lias        

Infralias    

Poikilitic    


••• 

••• 


,     If. 

110. 
11. 
12. 


Unconformity  P 


P 
1000 

400 

100 

500 

400 

200 
1000+ 


Carhoniferous  strata  (Coal-measures). 


Unconformity. 


Old  Gneiee  Seriee  and  Torridon  Sandstonee. 


Although  no  traces  of  the  Upper  Oolite  or  the  Neocomian  forma- 
tions have  as  yet  been  detected  in  the  Western  Highlands,  yet  it  is 
airgned  that  when  we  consider  how  enormous  has  been  the  amount 
of  denudation,  and  how  singular  the  accidents  to  which  all  the  ex- 
isting relics  of  the  Secondary  period  have  owed  their  escape  from 
total  destruction,  we  cannot  but  regard  it  as  a  most  rash  and 
unwarrantable  inference  to  conclude  that  no  deposits  belonging  to 
those  periods  were  ever  accumulated  within  the  district  under  con- 
sideration. 

The  Carboniferous  strata  of  the  Western  Highlands  have  been 
detected  at  but  a  single  locality ;  and  even  there,  being  exposed  in 
a  series  of  shore  reefs  that  are  only  occasionally  well  displayed, 
can  only  be  studied  under  favourable  conditions  of  tide  and  wind. 


142  Reports  and  Proceedings — 

They  oonsist  of  sandstones  and  shales  with  thin  coaly  seams,  and 
their  age  is  plaoed  beyond  question  by  the  discovery  in  them  of 
many  well-known  plants  of  the  Coal-measores,  inolading  species  of 
L^^idodendron,  CatamiteB,  Sigillariaf  and  Stigmaria, 

The  Poikilitic  strata  consist  of  conglomerates  and  breccias  at  the 
base,  graduating  upwards  into  red  marls  and  variegated  sandstone, 
which  contain  concretionary  limestones  and  occasional  bands  of 
gypsum.  These  strata  have  not  as  yet,  like  their  equivalents  in  the 
Eastern  Highlands  (the  Beptiliferous  Sandstone  of  Elgin  and  the 
Stotfield  rock),  yielded  any  vertebrate  remains.  They  were  evi- 
dently deposited  under  similar  conditions  with  the  beds  of  the  same 
age  in  England,  and  are  not  improbably  of  lacustrine  origin. 

The  Jurassic  series  presents  many  features  of  very  great  interest 
The  Infralias  is  better  developed  than  is  perhaps  the  case  in  any  part 
of  the  British  Islands  ;  and  in  the  district  of  Applecross  a  series  of 
estuarine  beds,  containing  thin  coal-seams,  is  found  to  be  intercalated 
with  the  marine  strata. 

The  Lower  Lias,  in  its  southern  exposures,  presents  the  most 
striking  agreement  with  the  equivalent  strata  in  England,  but  when 
traced  northwards  exhibits  evidence  of  having  been  deposited  under 
more  littoral  conditions ;  the  lower  division  (Lias  a,  Quenstedt)  is 
represented  by  a  great  thickness  of  strata ;  while  the  upper  (Lias  ff) 
is  absent  or  rudimentary.  The  Middle  Lias  is  grandly  developed, 
and  consists  of  a  lower  argillaceous  member  and  an  upper  arenaceous 
one,  the  united  thickness  of  which  is  not  less  than  500  feet 
The  Upper  Lias  singularly  resembles  in  the  succession  of  its 
beds,  and  its  palaeontological  characters,  the  same  formation  in 
England.  The  Inferior  Oolite  is  formed  by  series  of  strata' varying 
greatly  in  character  within  short  distances,  and  betraying  sufficient 
signs  of  having  been  accumulated  under  shallow-water  conditions. 
Above  the  Inferior  Oolite  we  find  a  grand  series  of  estuarine  strata, 
pai*tly  arenaceous  and  partly  calcareo-argillaceous ;  and  this  is  in 
turn  covered  conformably  by  an  unknown  thickness  of  blue  days 
with  marine  fossils  of  Middle  Oxfordian  age.  At  the  very  lowest 
estimate,  the  Jurassic  series  of  the  Western  Highlands  could  not 
have  had  a  thickness  of  less  than  3000  feet  I 

The  Cretaceous  strata  of  the  Western  Highlands,  though  of  no 
great  thickness,  are  of  surpassing  interest  They  consist  of  two 
marine  series  alternating  with  two  others  of  estuarine  origin.  At 
the  bswe  we  find  marine  deposits  of  Upper  Greensand  age,  strikingly 
similar  to  those  of  Antrim,  but  in  places  passing  into  conglomerates 
along  old  shore-lines.  Above  the  Upper  Greensand  beds  occur  un- 
fossiliferous  sandstones,  in  which  thin  coal-seams  have  been  detected, 
and  these  are  in  turn  covered  by  strata  of  chalk,  converted  into 
a  siliceous  rock,  but  still  retaining  in  its  casts  of  fossils  {Belemnitella, 
InoceramiLSj  Spondylua,  etc.),  and  in  its  beautifully  preserved  micro- 
scopic organisms  {Foramtntfera,  Xanthidia,  etc) ,  unmistakable  proofs 
of  its  age,  and  the  conditions  of  its  deposition.  Above  this  repre- 
sentative of  the  highest  member  of  the  English  Chalk  there  occur 
argillaceous  strata  with  coal-seams  and  plant-remains  which  are 
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perhaps  the  equivalent  of  younger  members  of  the  Cretaceous  series, 
not  elsewhere  found  in  our  islands,  or,  it  may  be,  they  must  be 
regarded  as  belonging  to  periods  intermediate  between  the  Cretaceous 
and  Tertiary  epochs.  It  is  greatly  to  be  regretted  that  these  Cre- 
taceous deposits  of  the  Western  Highlands  are  so  unfavourably 
displayed  for  our  study  as  to  present  scarcely  any  facilities  for  the 
collection  of  their  fossils ;  for  these,  if  found,  might  be  expected  to 
throw  a  flood  of  light  on  some  of  die  most  obscure  palseontological 
problems  of  the  present  day. 

Although  the  comparison  and  correlaticm  of  the  Secondary  strata 
of  the  Highlands  with  those  of  other  areas,  and  the  discussion  of  the 
questions  of  ancient  Physical  Geography  thereby  suggested,  are 
reserved  for  the  fourth  and  concluding  part  of  his  memoir,  the  author 
takes  the  opportunity  of  making  reference,  in  bringing  the  present 
section  of  his  work  to  a  close,  to  several  problems  on  which  the 
phenomena  now  described  appear  to  throw  important  light  In 
opposition  to  a  recent  speculation  which  would  bring  into  actual 
continuity  the  present  bed  of  the  Atlantic  and  the  old  Chalk  strata 
of  our  island,  he  points  to  the  estuarine  strata  of  the  Hebrides  as 
demonstrating  the  presence  of  land  in  that  area  during  the  Cretaceous 
epoch.  He  also  remarks  on  the  singular  agreement  of  the  conditions 
of  deposition  of  both  the  Silurian  and  Cretaceous  strata  of  the 
Scottish  Highlands  and  those  of  the  North  American  Continent. 
But  he  more  especially  insists  on  the  proofs,  which  we  now  have, 
that  the  Highlands  of  Scotland,  as  well  as  the  greater  part  of  the 
remainder  of  the  British  Islands,  were  once  covered  by  great  deposits 
of  Secondary  strata,  and  that  the  area  has  been  subjected  to  enor- 
mous and  oft-repeated  denudation.  He  dwells  on  the  evidence  of 
the  vast  quantities  of  material  which  have  been  removed  subse- 
quently to  the  Mesozoic  and  even  to  the  Miocene  period,  and  he 
maintains  the  conclusion  that  many,  if  not  all,  of  the  great  surface- 
features  of  the  Highlands  must  have  been  produced  during  the  very 
latest  division  of  the  Tertiary  epoch,  namely  the  Pliocene. 


oos»i^Eis:po:isrx)E2^0E. 


INDUCED  STRUCTURE  IN  STONE. 

Sib, — A  very  remarkable  exfoliated  piece  of  sandstone  from  an 
nm  forming  part  of  a  tombstone  was  brought  me  by  a  mason  a 
abort  time  ago.  It  is  from  the  base  or  pillar  of  the  urn  itself,  and 
measures  9  in.  by  6  in.,  varying  in  thickness  from  iV  to  -jV  of  an 
inch.  The  outside  surface  had  been  worked  and  rubbed  in  forming 
the  urn,  and  one  side  of  the  exfoliated  piece  consists  of  this  worked 
surface  perfectly  preserved.  The  pedestal  has  a  horizontal  and 
vertical  curvature,  and  when  laid  on  the  table  the  exfoliated  piece 
rises  fully  two  inches  in  the  quickest  part  of  the  curve.  I  exhibited 
this  specimen  at  the  last  meeting  of  the  Liverpool  Geological 
Society,  when  some  scepticism  was  evinced  as  to  its  being  genuine 


144        Miscellaneous — Marine  Fossils  in  Ghmnister  Beds. 

sandstone.  I  have  since  examined  the  tombstone,  which  is  in  St 
James's  Cemetery,  and  find  that  it  is  genuine  stratified  sandstone, 
which  the  microscope  had  before  proved.  It  is  of  extremely  fine 
grain,  and  I  can  detect  nothing  but  minute  grains  of  silex  in  its 
composition.  Hydrochloric  acid  does  not  affect  it.  The  stone,  I  am 
told,  comes  from  somewhere  near  Burnley,  and  it  evidently  belongs 
to  the  Carboniferous  group.  The  bedding  of  the  stone  in  the  base 
of  the  tomb  shows  in  rusty  iron  streaks,  and  exposure  discolours  it 
in  places.  I  have  since  receiving  the  specimen,  on  visiting  Canter- 
bury Cathedral,  noticed  that  the  surface  of  the  Purbeck  marble 
shafts  inside  the  choir  exfoliate,  following  the  worked  surface,  but 
not  nearly  in  so  regular  a  manner  as  indeed  we  would  anticipate 
from  its  fossil  structure. 

It  appeared  to  me  very  remarkable  that  the  exfoliation  should 
follow  so  truly  the  worked  surface  of  the  stone,  only  varying 
the  -jV  of  an  inch,  especially  in  the  case  of  a  bedded  sedimentary 
rock,  instead  of  following  die  planes  of  bedding  as  is  usually  the 
case.  I  am  informed  it  was  customary  to  oil  the  stones  in  this 
Cemetery  with  a  view  to  their  preservation.  Can  this  have  effected 
it  ?     I  can  find  no  trace  of  oil  in  it  now. 

T.  Mbllabd  Reads. 

Park  Cornbr,  Blundellsands. 

NoTB. — As  bearing  upon  the  above  letter,  we  may  state  that  Prof.  Morris  has  for 
twenty  years  been  accustomed  to  direct  the  attention  of  geological  students  to  the 
curious  molecular  change  produced  by  "dressing"  stone,  whether  for  archit-ecture 
or  statuary.  From  his  careful  obserrations  it  would  appear  that  most  compact 
stones  when  "dressed"  seem  less  disposed  to  follow  their  original  inclination  to 
break  up  along  certain  planes,  and  exhioit  a  stronger  tendency  to  exfoliate  in  layers 
parallel  to  the  artificially-worked  surface  of  the  stone.  One  of  his  favourite  illus- 
trations was  a  gigantic  arm  of  syenite  or  red  granite,  once  forming  part  of  a  colossal 
statue  of  Thothmes  III.,  discovered  by  Belzoni  in  1818,  lying  in  the  sand  in  the 
Eamak  quarter  of  Thebes.  This  arm,  which  now  forms  one  of  the  most  striking 
objects  in  the  Egyptian  Gallery  of  the  British  Museum,  exhibits  near  the  shoulder 
a  tendency  to  exi'oliate  in  regular  concentric  layers  corresponding  with  the  worked 
and  polished  surface  of  the  limb.  Mr.  Mellard  Reade  will,  we  feel  sure,  be  pleased 
to  find  that  his  idea  of  the  "  induced  structure  in  stone"  has  the  support  of  so  dis- 
tinguished an  authority  as  that  of  Professor  Morris. — £Dn.  Geol.  Mao. 
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Mabine  Fossils  in  the  "Gannister  Beds." — Mr.  G.  A.  Lebour, 
writing  from  the  College  of  Physical  Science,  Newcastle-on-Tyne, 
to  " Nature"  announces  the  discovery  (on  the  9th  Feb.)  of  marine 
fossils  in  the  Lower  Coal-measures  or  "  Gannister  beds  "  of  North- 
umberland between  Stocksfield  Station  and  Whittonstall.  Hitherto 
no  marine  forms  had  been  found  in  this  series. 

Academic  Honour. — At  a  congregation  of  the  Senatus  Acade- 
micus  of  the  University  of  St.  Andrews,  on  Saturday,  February  9th, 
the  honorary  degree  of  LL.D.  was  conferred  on  Henry  Woodward, 
F.RS.,  F.G.S.,  of  the  British  Museum. 
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L — The    Age    of   the   World   as   viewed    by   the  Geoloqist 

AND  THE  Mathematician. 

By  T.  Mbllard  Bbadb,  C.E.,  F.O.S. 

UNTIL  Geology  began  to  take  the  place  of  a  science,  few,  if  any, 
troubled  themselves  about  the  age  of  our  planet.  The  habit 
of  thought,  created  partially  by  the  Mosaic  Cosmogony,  which  led 
na  to  look  at  all  the  natural  features  around  us  as  if  but  just  freshly 
formed  by  the  hands  of  the  Creator  was  not  favourable  to  any  such 
inquiry. 

To  think  that  everything,  as  we  see  it  now,  is  as  it  always  was, 
is  easy  and  natural,  saves  trouble,  and  is  a  habit  of  mind  deeply  en- 
grained in  human  nature.  It  is  only  within  the  last  few  years  that 
we  have  been  able  to  dispossess  ourselves  of  this  notion  with  regard 
to  animated  nature.  Special  creation  of  everything  as  we  see  it 
answers  best  to  our  anthropomorphic  ideas,  derived  from  a  contem- 
plation of  man's  creative  efforts.  The  conception  of  innate  energy, 
continuity,  and  evolution,  is  a  higher  stage  of  thought,  only  arrived 
at  by  close  observation  of,  and  reasoning  on,  the  relations  of  natural 
phenomena. 

So  far  as  my  knowledge  of  history' extends,  the  geologist  was  the 
first  to  raise  the  question  of  the  Earth's  age.  Astronomy  did  not 
lead  to  its  contemplation.  No  one  that  I  am  aware  of,  before  geolo- 
gical inquiry,  said  the  Earth  must  be  so  many  millions  of  years  old, 
because  the  rate  at  which  the  temperature  increases  downwards 
shows  that  it  must  at  least  have  taken  so  long  to  cool  from  the  time 
when  it  was  an  incandescent  globe.  Yet  it  is  the  astronomer  who 
inferred  long  since  that  this  Earth  of  ours,  from  its  spheroidal  form, 
must  originally  have  been  in  a  molten  state,  and  the  same  elements 
existed  at  the  time  for  the  calculation  of  its  age  from  a  physical 
basis  that  do  now.  Why  then  was  it  not  done  ?  Simply  because  it 
did  not  strike  any  one  that  it  must  be  extremely  ancient,  as  the 
evidences  of  age  did  not  come  prominently  forward. 

When,  however,  the  curiosity  of  the  geologist,  delving  into  the 
Earth's  crust  brought  to  light  the  fact  that  under  thousands  of  feet 
of  rock  lay  the  evidences  of  the  existence,  at  an  earlier  period,  of  a 
faona  and  flora  differing  from  those  of  the  present  day, — of  rivers, 
seas  and  continents  now  buried  below  deposits  to  which  those 
obscnring  the  remains  of  ancient  Troy  are  as  a  film  of  dust, — it  was 
impossible  any  longer  to  resist  the  conviction  that  thft  Bkig<b  ol  ^ifiii^ 
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world  was  enormonsly  greater  than  any  one  had  before  contem- 
plated. 

So  averse,  however,  is  the  human  mind  to  receive  new  impres- 
aions,  that  the  first  geologists  had  to  shorten  the  life  of  the  world 
by  periodical  convulsions  and  the  assumption  of  more  potent 
natural  causes  in  the  earlier  periods  of  the  Earth's  history. 

In  this  again  they  were  assisted  by  another  vice  of  the  mind — 
that  of  generalizing  from  small  data.  Faults,  foldings  of  the  strata, 
and  other  evidences  of  former  volcanic  activity,  that  have  been 
since  proved  to  be  only  local  phenomena,  were  assumed  to  have 
extended  all  over  the  Earth  at  the  same  time,  and  to  have  separated 
its  history  into  "  periods."  Tliis  I  call  constructive  geology,  due  to 
an  unscientific  use  of  the  imagination.  Yet  those  crude  and  hasty 
generalizations  were  not  to  be  wondered  at;  for  the  peculiar  scientific 
habit  of  thought  engendered  by  sound  geological  reasoning  had  not 
then  been  acquired. 

To  Button  is  due  the  merit  of  placing  geological  investigation  on 
a  sound  basis,  and  to  Lyell  philosophical  geology  almost  owes  its 
existence. 

The  conception  of  the  possibility  of  explaining  all  the  phenomena 
of  the  Earth's  crust  by  agencies  at  present  at  work,  lies  at  the 
foundation  of  all  geological  reasoning.  It  is  one,  however,  that  does 
not  necessarily  commend  itself  to  the  judgment  at  first  sight, 
because  there  are  no  a-priori  improbabilities  in  conceiving  that 
agencies  may  have  been  at  work  at  former  periods  of  which  we 
now  know  nothing.  If,  however,  we  attentively  study  the  Earth's 
crust,  we  become  gradually  convinced  that  the  agencies  we  are 
acquainted  with  are  competent  to  explain  all  the  complicated  phe- 
nomena with  which  it  abounds,  and  not  only  so,  but  that  no  other 
agencies  can  satisfactorily  explain  them. 

Therefore,  instead  of  a  playful  exercise  of  fancy,  we  begin  our 
investigations  on  a  sure  foundation — so  sure  indeed  that  no  geologist, 
so  far  as  I  am  aware,  has  been  compelled  to  adopt  any  other  hypo- 
thesis, though  of  course  different  opinions  are  held  with  regard  to 
the  relative  activity  of  these  forces  at  various  stages  of  the  history  of 
the  Earth. 

Geology,  then,  is  a  pre-eminently  practical  common-sense  science, 
because  it  is  always  testing  its  conclusions  by  reference  to  the  Earth 
itself.  The  reasoning  is  essentially  of  an  inductive  cast.  It  is 
necessarily  a  safe  science,  for  it  cannot  get  far  on  the  wrong  road 
without  being  set  right.  Astronomy  is  a  more  exact  science ;  the 
relations  it  sets  itself  to  investigate  are  simple  ones — ^mechanical 
conceptions  capable  of  mathematical  demonstration  and  verification 
by  exact  measurement.  When  I  say  the  relations  it  investigates 
are  simple,  I  say  it  with  the  profoundest  respect ;  for  the  solutions  of 
some  of  these  problems  are  among  the  greatest  triumphs  of  the 
human  mind.  The  method  of  procedure  is,  however,  essentially 
different,  and  the  attempt  to  displace  the  geological  by  the  me- 
chanical method  in  developing  the  geological  history  of  the  Earth 
is,  I  truBt  to  be  able  to  show,  one  not  likely  to  succeed. 
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To  Sir  Wm.  Thomson  is  due  the  merit  of  first  attempting  to 
apply  the  physical,  or  what  I  prefer  to  call  the  mechanical  method, 
to  the  determination  of  the  age  of  the  Earth.  Three  ways  have 
been  suggested  by  him  for  doing  this ;  but  it  is  only  to  the  one  on 
which  he  most  relies — founded  on  the  increase  of  temperature 
proved  by  experiment  to  take  place  from  the  surface  downwards — 
that  I  propose  to  refer.  The  calculation  is  based  upon  the  assump- 
tion that  the  whole  mass  of  the  Earth  was  at  one  moment  at  an 
incandescent  heat  estimated  at  7000°  Fahr.  warmer  than  our  present 
surface  temperature;  that  it  was  at  an  initial  moment  at  this 
uniform  temperature  throughout,  from  which  time  it  has  since  been 
uniformly  cooling  through  being  exposed  to  the  present  surface 
temperature.  By  a  mathematical  process,  the  experimental  elements 
of  which  depend  upon  the  avei'age  thermal  conductivity  of  the 
materials  of  the  Earth,  and  the  average  augmentation  of  heat  down- 
wards, he  arrives  at  the  couclusion  that  it  is  improbable  more  than 
100  millions  of  years  have  elapsed  since  the  surface  of  our  globe 
became  habitable. 

Now  the  geologist  neither  denies  nor  affirms  that  the  Earth  was 
once  an  incandescent  mass.  By  analogy  it  is  probable  at  the  present 
time  the  heat  goes  on  increasing  downwards  until  incandescent 
matter  is  reached :  but  it  cannot  be  experimentally  proved ;  though 
volcanic  action  now  existing  in  various  parts  of  its  surface  points  to 
the  same  conclusion.  It  is  also  not  an  improbable  further  deduction 
that  at  one  time  the  globe  was  incandescent  from  the  centre  to  the 
surface.  Arguing  from  an  hypothesis  of  this  nature,  and  recon- 
structing the  globe  upon  it,  is  what  the  cosmogonists  used  to  do;  but 
it  is  a  method  alien  to  geology,  which  aims  at  interpreting  the  his- 
tory of  the  Earth  by  an  examination  of  its  rocks. 

Now,  for  a  calculation  such  as  this  one  suggested  by  Sir  Wm. 
Thomson  to  command  assent,  it  must  be  based  upon  very  accurate 
experiment  and  observation,  that  the  material  points  on  which  it 
hinges  may  be  first  proved  beyond  doubt.  He  says,*  "  Whatever  the 
amount  of  such  effects  is  at  any  one  time,  it  would  go  on  diminishing 
according  to  the  inverse  proportion  of  the  square  roots  of  the  times 
from  the  initial  epoch.  Thus,  if  at  10,000  years  we  have  2°  per 
foot  of  increment  below  ground, 

at  40,000  years  we  should  have    1°      per  foot 

160,000         „  „  \' 

4,000,000         „  „        'tV^ 

100,000,000  „  „  -iV 

If,  therefore,  through  any  error  in  the  calculation,  arising  from 
inoorrect  inference  from  experiment,  the  increment  of  t-emperature 
should  be  not  2°  but  4°  per  foot  at  the  end  of  the  first  10,000  years,* 
the  times  would  be  multiplied  fourfold,  and  would  stand  thus : 

1  TreatiM  on  Natnral  Philosophy,  Thomson  and  Tait,  p.  721. 

*  IVof.  Helmholtz  has  calcmated,  from  the  rate  of  cooling  of  laras,  that  the 
awth  in  passing  from  2000°  to  200°  C.  most  hare  taken  three  hundred  and  ffty 
miUions  ofyeart !  Dana,  commenting  upon  this,  says :  **  But  the  temperature  when 
the  Arehiean  Time  ^Laurentian  and  Huronian  periods)  ended  was  probably  not  over 
3S°  C.  (100°  Fahr.).*'    Dana's  Manual  of  Geology,  aecond  edition,  i^.  \Vl. 
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cannot  be  right,  and,  further,  that  any  estimate  of  age  from  the 
thermal  condition  of  the  crust  may  be  further  vitiated  by  our 
ignorance  of  the  nature,  constitution  and  materials  of  the  globe 
underlying  the  outer  strata. 

These,  I  think,  are  the  nature  and  character  of  the  errors  incidental 
to  any  calculation  of  the  actual  age  of  the  Earth  from  the  outer 
crust  of  sedimentary  rocks.  Possessing  as  they  do  varying  con- 
ductivities, and  being  of  various  thicknesses,  the  average  con- 
ductivity of  the  whole  has  not  improbably  been  overestimated,  and 
the  average  increase  of  heat  overstated,  while  the  combined  resistance 
of  strata  of  varying  conductivities  may  be  greater  to  the  passage  of 
heat  across  them  than  what  would  be  inferred,  even  from  a  correct 
average,  as  was  shown  to  be  the  case  in  my  second  theoretical 
example. 

If,  in  addition,  we  assume  that  our  crust  rests  upon  a  basement 
of  rocks  analogous  to  granite  possessing  high  conductivities,  it  is 
evident  the  more  non-conducting  envelope  would  be  retained  at  a 
high  increment  of  temperature  for  a  lo'hger  period  than  if  the  whole 
mass  of  the  Earth  underneath  possessed  only  the  same  conductivity 
as  the  crust.  Nor  should  it  be  lost  sight  of  in  this  inquiry,  that  the 
strata  we  are  acquainted  with  are  not  cooling  down  from  a  state  of 
fusion,  but  are  deposits  laid  down  upon  the  surface  and  gradually 
heated  from  below.  This,  again,  obscures  the  results,  and,  indeed,  the 
question  becomes  so  exceedingly  complicated,  that  it  is  beyond  my 
powers  to  unravel ;  but  it  is  not  inconceivable  that  an  initial  incre- 
ment of  temperatuVe  might  be  retained  in  this  way  for  a  lengthened 
period. 

The  cumulative  results  of  these  possible  errors  might  then  at 
least  quadruple  the  maximum  age  of  the  Earth  as  inferred  from 
oaloalation.  At  all  events,  I  trust  that  I  have  shown  the  extremely 
mitmstworihy  character  of  averages  in  such  an  investigation.  But 
these  are  not  by  any  means  all  the  arguments  that  can  be  urged 
•gftiiiBt  the  method — the  data,  as  ascertained  by  experiment,  being  of 
%  oomplicated  and  contradictory  character. 

Before  dealing  with  the  purely  geological  aspect  of  the  question, 
it  wjll  be  well  shortly  to  examine  the  nature  and  extent  of  the  data 
iormiiig  the  vital  elements  of  the  mechanical  problem. 

Kr  W.  Thomson  states  the  variation  of  the  increase  of  temperature 
to  be  from  -rhr  of  a  degree  Fahr.  in  some  localities,  to  as  much  as  tV 
in  i^DOther  per  foot  of  descent,  but  -it  is  accepted  as  a  rough  mean. 

nie  Beportii  on  Underground  Temperature  by  the  British  Asso- 
flUitkm  abow  most  remarkable  differences  in  localities  not  very  far 
•|MUt.  Thus,  according  to  experiments  made  by  Mr.  Fairbaim  at 
Artlnj  Pit,  Daokinfield,  Cheshire,  the  average  rate  of  increase  was  1^ 
vmej  80  feet  for  a  depth  of  685  yards ;  while  similar  experiments  at 
Boie  Bridge  Colliery,  Inoe,  near  Wigan,  for  a  depth  of  815  yards, 
Ijafie  an  average  increase  of  1^  in  every  54-3  feet.^  Again,  the 
nito  of  increase  in  some  of  the  wells  in  Paris  is  1^  for  every  50  to  60 
IM;.  while  the  great  well  of  La  Chappelle  at  Paris  showed,  at  a  depth 
*  Brilidi  Aaoeifttioii  Beport  on  Underground  Temperature,  1870,  p^.  ^1-^. 
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of  600  metres,  an  average  inoreaae  of  1^  in  94*8  feet.^  In  experiments 
made  at  Przibram,  in  Bohemia,  by  Herr  Johann  Orimm,*  Director  of 
the  School  of  Mines,  in  a  depth  of  1900  feet,  there  was  an  increase  of  1^ 
in  every  141  feet.  The  experiments  at  the  Mont  Cenis  Timnel  show 
an  increase  of  V  in  93  feet,  without  correction  for  the  convexity  of 
the  ground. 

If,  however,  there  exist  this  variation  in  the  average  increase  of 
temperature  of  each  total  depth  of  rock  penetrated,  there  ia  still  more 
variation  ii^  the  rate  of  increase  in  different  parts  of  the  same  bore, 
the  variation  in  the  Bohemian  mine  being  from  1^  in  45  feet  to  P  in 
1400  feet 

On  the  other  hand,  if  we  refer  to  the  conductivity  of  certain  rooks, 
we  find,  according  to  the  revised  scale  in  the  experiments  made  by 
Herschel  and  Labour,'  the  thermal  conductivities  vary  from  *00882 
for  opaque  white  quartz  to  *00065  for  cannel  ooaL  I  understand 
Sir  W.  Thomson's  average  was  founded  upon  the  conductivity  of 
only  two  descriptions  of  rock,  viz.  Galton  trap  rock  and  Craigleith 
sandstone,  estimated  respectively  by  him,  if  reduced  to  British  Asso- 
ciation units,  at  -00266  and  -00689.* 

Without  going  further,  I  think  sufficient  has  been  said  to  show  on 
what  an  insecure  basis  this  tremendous  superstructure  of  inference 
has  been  built.  From  experiments  only  made  in  a  few  places,  and 
necessarily  upon  rocks,  geologically  speaking,  subject  from  time  to 
time  to  great  fluctuations  of  temperature,  and  in  mere  scratches  in 
the  Earth's  surface,  through  all  manner  of  variations,  the  first  average 
necessary  to  the  calculation  has  been  educed,  viz.  a  ratio  of  increase 
of  heat  of  1°  per  50  feet. 

The  average  conductivity  is  a  still  greater  assumption,  because,  in 
the  first  place,  the  relative  amount  of  each  class  of  rock  composing 
the  crust  of  the  Earth  and  its  conductivity  should  be  calculated, 
which  is  not  done,  and  would  prove  very  difficult  to  even  approxi- 
mately estimate.  Neither  are  laboratory  experiments  on  conductivity 
conclusive,  as  a  mass  of  rock  through  its  structure  may  behave  in  a 
different  way  to  a  small  piece,  while  the  impossibility  of  testing  in 
any  way  the  average  conductivity  of  the  materials  of  the  interior  of 
the  Earth,  subject  to  such  enormous  pressure  and  heat,  is  apparent. 
It  is  also  not  at  all  improbable  that  frequent  variations  of  strata, 
possessing  different  conductivities,  may  create  interference  in  the 
transmission  of  heat ;  for  it  is  proved  that  laminations  increase  the 
non-conducting  property  of  rock  across  the  planes  of  lamination. 

If  we  turn  from  this  most  complex  and  difficult  problem,  to  study 
the  history  of  the  Earth,  and  form  our  views  by  induction  from 
observation,  we  find  that  from  the  earliest  periods  to  the  present 
time  the  known  crust  of  the  Earth  has  been  in  continual  process  of 
construction,  or  reconstruction,  by  sedimentary  and  volcanic  deposits, 

1  Ibid.  1873,  p.  253.  «  Ibid.  1875,  p.  15. 

'  British  Association  Report  on  Thermal  ConductiTities  of  certain  Kocks,  1875,  p.  57. 
*  The  estimate  is  really  made  in   terms  of  the  thermal  capacity  of  the  unit  of 
bnJk^  which  is  averaged  at  400 ;  the  unit  in  length  being  a  Bntish  foot,  and  unit  of 
t'me  a  jeai. 
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the  result  of  ^tmospherio  waste  and  voloanio  emissions  and  intrusions ; 
that  this  oomposite  hody,  called  the  crust,  has,  from  time  to  time, 
throughout  all  geologic  ages,  heen  not  only  broken  up,  but  heated 
matter  has  been  injected  into  it^  or  thrown  over  it;  and  that  this  has 
oocurred  at  one  time  or  another  over  the  whole  of  the  known  globe. 

Not  only  has  this  been  the  course  of  events,  but  the  great  mountain 
chains — the  Andes,  the  Alps,  the  Pyrenees,  and  the  Himalayas' — 
have  been  thrown  up  at  a  comparatively  recent  time,  geologically 
speaking,  so  that  the  more  we  restrict  the  age  of  the  world,  the  hotter 
should  the  strata  be  under  those  great  continents  on  which  these 
mountain  chains  rest. 

To  get  out  of  this  dilemma  is  impossible ;  for  we  cannot  consider 
these  volcanic  outbursts  as  mere  local  effects,  the  volcanos  at  present 
active  being  in  lines  thousands  of  miles  long,  the  effect  of  deep- 
seated  forces  probably  connected  with  central  heat,  but,  even  if  not, 
fed  by  lakes  of  molten  rock  sufficient  to  set  all  calculations  of  secular 
cooling  at  defiance.' 

A  study  of  existing  volcanos  also  shows  that  molten  rock  at  the 
surface  does  not  act  now  in  the  way  Sir  W.  Thomson  assumes 
it  did  in  his  hypothetical  incandescent  globe.  Why  it  should  not  I 
cannot  conceive.  In  the  volcano  of  Kilauea,  Hawaii,  in  the  Sand- 
wich Islands,  the  molten  rock  boils  up  in  the  crater,  while  waves  of 
red-hot  matter  dash  against  the  surrounding  cliffs,  and  break  in  in- 
candescent spray .^  If  molten  rock  does  this  now,  why  should  it  in 
the  first  formation  of  the  globe  set  suddenly  solid  from  the  circum- 
ference to  the  centre,  as  required  by  Sir  W.  Thomson's  theory, 
and  ever  afterwards  be  gradually  cooling  as  an  iron  shot  might  cool 
from  a  white  heat  ? 

*  Prof.  Jadd  points  oat,  in  his  admirable  "  Contributions  to  the  Study  of  Volcanos,*' 
GsoL.  Mag.  1876,  p.  211,  that  in  the  Southern  Tyrol,  duriag  the  Permian  period, 
**  enormooB  masses  of  volcanic  rock  were  erupted,  leading  to  the  formation  of  Tolcanic 
moimtains  at  least  8,000  feet  to  9,000  feet  high."  The  great  *<  Whin  Sill "  has  also 
been  proTed  by  Topley  and  Lebour  to  be  a  yast  intmsive  sheet.  Innumerable  similar 
examples  may  be  quoted ;  and  as  it  is  usually  only  by  denudation  we  get  a  glimpse 
of  those  volcanic  rocks  occupying  the  interior  of  the  crust,  we  may  be  sure  there  are 
many  others  unknown  because  undisclosed. 

*  fiamsay.  Geological  History  of  some  of  the  Mountain  Chains  and  Groups  of 
of  Europe,  Mining  Journal,  1875.  Judd,  Contributions  to  the  Study  of  Volcanos, 
pp.  183-41. 

'  As  a  proof  of  the  failure  at  present  to  establish  any  law  of  increase  of  tempera- 
ture, the  remarkable  temperature  results  in  the  boring  at  Sperenberg,  near  Berlin, 
4172  feet  deep,  may  be  quoted.  In  this  case  the  first  283  feet  were  in  gypsum,  with 
some  anhydrate,  and  the  remainder  entirely  in  rock-salt.  Although  rock-salt  possesses 
a  ooDsiderably  hieher  conducting  power  than  even  quartz,  being  '01154,  and  more 
than  twice  that  of  Aberdeen  granite,  the  rate  of  increase  of  temperature  averaged  1** 
per  51*6  feet.  (BritiBh  Association  ELeport  on  Underground  Temperature,  1876, 
p.  206.^  If  the  rates  of  increase  should  be  inversely  as  their  conductivity,  on  the 
mppoeition  of  an  uniformly  cooling  globe,  the  increase  of  temperature  should,  com- 
pared with  Mont  Cenis,  not  be  more  than  1"  per  200  feet.  Does  it  not  suggest  that 
tlie  wmree  of  the  heat  must  be  nearer  the  surface,  or  that  there  exists  beneath,  some 
mam  of  rock  abnormally  heated  F — a  supposition  consistent  with  the  geological  fact 
already  stated  of  the  intrusion  of  heated  matter  into  the  crust  of  the  globe  and  at 
larioos  epochs  of  its  history. 

*  Log  Letters  of  the  Chailen^er, 
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HeaaoniDg  from  observation,  as  a  geolc^st  is  boand  to  do,  the 
greater  probability  is  that  the  surface  would  become  crusted  over  in 
a  way  that  the  lava  in  a  volcano  becomes  crusted  over,  and  that  the 
surface  rock  would  be  of  a  vesicular  character  of  less  specific  gravity 
than  the  molten  matter.  Nasmyth's  theory  of  the  volcanos  of  the 
Moon^  is  founded  on  the  supposition  that  the  molten  matter  expands 
in  cooling,  giving  examples  in  support  of  his  idea,  such  as  the  fact 
that  a  lump  of  cold  cast-iron  will  float  in  molten  iron.  Sir  W. 
Thomson  assumes  the  rock  will  cool,  contract  and  sink  in  the  molten 
mass.  Which  is  right?  Nasmyth  certainly  has  had  the  most 
practical  experience  of  molten  metals  I  That  a  cooling  globe  solidi- 
fies from  the  surface,  I  think  the  Moon  is  a  striking  proof.' 

The  crust  would  most  probably  solidify  and  break  up  again  and 
again,  and  hot  materials  be  injected  into,  through,  and  on  to  the 
surface. 

A  glance  at  a  map  of  the  volcanos  of  the  Moon  should  satisfy 
any  one  on  this  point,  for  there  are  the  evidences  of  almost  countless 
myriads  of  volcanic  rings  or  craters,  covering  the  whole  surface  and 
superimposed  or  breaking  through  one  another  in  a  most  remarkable 
way.  Observation,  then,  tells  us  that  a  crust  will  most  likely  form 
on  a  globe  of  molten  rock.  Now,  in  the  case  of  the  Earth,  comes 
in  the  question  of  denudation ;  for  no  sooner  is  a  sufficient  crust 
formed  than  the  aqueous  vapours  and  atmospheric  agencies  begin  to 
eat  it  down,  and  thus  we  have  a  composite  crust  of  sedimentary  and 
volcanic  materials,  such  as  the  geologist  is  acquainted  with  as  exist- 
ing in  Nature.  There  is  also  this  fact  in  favour  of  a  retention  of 
heat  by  the  globe,  that  pumice  rock,  and  any  rock  of  a  loose  or 
vesicular  nature,  possesses  small  conducting  power, — ^the  proportion 
of  absolute  resistance  to  the  passage  of  heat  being  as  1818  in  dry 
pumice  to  87  in  rock-salt. 

The  laminations  and  alternations  of  beds  is  also,  I  strongly  believe, 
favourable  to  the  retention  of  heat,^  so  that  we  see  a  coating  must  be 
gradually  formed  round  our  incandescent  globe  like  the  felt  round  a 
steam  boiler. 

This  speculation,  though  interesting,  is  rather  outside  of  true 
geological  inquiry ;  it  is  beginning  at  the  wrong  end.  No  one  yet 
has  ever  had  a  glimpse  of  this  primitive  globe ;  for  though  we  have 
a  knowledge  of  a  thickness  of  rock  estimated  at  from  14  to  17 
miles,  the  base  is  practically  the  same  as  the  topmost  story  of  the 
superstructure.  These  original  crusts  have  most  likely  been  broken 
up,  melted  and  destroyed  long  since,  as  sediments  have  been  also 
melted  and  destroyed. 

Much  more  may  be  said  on  the  subject,  but  I  trust  enough  has 
been  shown  to  prove  that  the  hypothetical  way  of  treating  such 

^  The  Moon  as  a  Planet,  as  a  World,  and  a  Satellite,  Nasmyth  and  Carpenter. 

'  Mr.  Mallet  has  controverted  Nasmyth's  conclusions,  Froc.  Roy.  Soc  1874, 
p.  366.  Nevertheless,  he  admits  the  fact  ol  certain  pieces  of  cold  cast-iron  floating 
upon  molten  iron. 

*  In  mv  Presidential  Address  to  the  Liverpool  Geol.  Soc.  Session  1876-6,  **0n  the 
Moon  ana  the  £arth,"  it  is  suggested,  p.  89,  that  *'  the  sediments  accomolatiiig  on 
tile  Earth  from  age  to  age  must  act  as  a  non*conducting  envelope.*' 
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pToblema,  however  clever,  ingenious  and  interesting,  is  unreliable. 
Greology  demands  that  a  thing  should  be  tested  as  you  go  along ;  for 
so  little  is  really  known  of  the  physics  of  the  Earth  that  we  continu- 
ally find  fact«  in  discordance  with  preconceived  notions,  though, 
when  once  known,  it  is  easy  to  see  that  such  and  such  a  thing  might 
have  been  predicted  by  theory. 

It  is  proverbially  easy  to  prophesy  after  a  thing  has  happened,  and 
it  is  just  as  easy  to  see  that  any  proved  fact  is  in  accordance  with  the 
laws  of  physics.  Nevertheless,  the  observer  is  continually  discovering 
new  things  that  no  one  predicts.  If  there  is  any  one  thing  that 
physicists  ought  to  have  predicted,  it  is  that  the  bottom  of  the  ocean 
is  uniformly  occupied  by  water  of  a  very  low  temperature.  Now  I 
think  there  are  few  physicists  who  would  not  have  supposed  that  the 
secular  cooling  of  the  Earth  would,  to  some  degree,  have  influenced 
the  bottom  water  of  the  ocean  that  must  have  travelled  thousands  of 
miles  in  contact  with  it,  yet  the  Challenger  temperature  soundings 
prove  that  it  has  no  appreciable  effect.^ 

It  is  impossible  in  this  space  to  explain  the  way  the  geologist 
approximates  to  the  immense  age  of  the  Earth,  and  as  I  have  already 
elsewhere'  attempted  the  calculation  on  a  geological  basis,  it  is  thus 
less  necessary  for  me  to  do  so  now.  A  calm  investigation  of  all  the 
multitudinous  facts  which  necessarily  enter  into  the  problem  satisfies 
me,  at  all  events,  that  no  case  has  been  made  out  for  restricting  the 
age  of  the  Earth  below  that  demanded  by  Geology,  even  on  the 
assumption  of  a  globe  of  molten  materials  to  commence  with. 
Aocording  to  Sir  W.  Thomson's  expressed  opinion,  ''The  general 
climate  cannot  be  sensibly  afiected  by  conducted  heat  at  any  time 
more  than  10,000  years  after  the  commencement  of  superficial 
solidification.*'  So  that  as  the  rate  of  deposition  of  sedimentary 
rooks  cannot  by  this  hypothesis  have  been  afiected  by  the  interior 
beat  of  the  Earth,  it  tends  to  show  it  is  a  reasonable  assumption  on 
the  part  of  the  geologist  that  the  rate  of  formation  of  these  i-ocks, 
dependent  on  atmospheric  degradation,  was  in  former  ages  very 
much  what  it  is  at  present^ 

I  am  also  of  opinion  that  the  rate  of  increase  of  underground 
temperature  has,  probably,  been  for  long  ages  past  very  much  what 
it  is  now ;  for  if  I  have  shown  that  the  interior  heat  of  the  Earth  is 
introduced  into  the  crust  by  intrusion,  as  well  as  by  conduction,  there 
iff  even  now,  according  to  Sir  W.  Thomson's  showing,  a  vast  reservoir 
of  unexhausted  heat ;  nor  must  we  forget  that  the  present  crust  of 
the  Earth  is  not  an  originally  formed  product,  but  one  built  upon 

^  Mr.  Croll  (Climate  and  Time)  attempts  to  explain  why  the  secular  cooling  of 
the  Earth  does  not  affect  the  hottom  water  of  the  Ocean,  but  the  explanation  comes 
after  the  knowledge  of  the  fact. 

*  "Ob  Geological  Time,"  Presidential  Address,  Liyerpool  Qeol.  Soc.  Session 
1876-7. 

*  Sir  W.  Thomson,  howeyer,  infers,  that  as  the  Sun  must  haye  been  hotter  in  former 
aget,  the  atmospheric  agencies  were  then  more  potent;  but  this  is  all  pure  hypothesis, 
DO  proofr  that  uiey  were  being  adduced.  Mr.  Croll  again  has  his  own  hypothesis  on 
the  flobject,  but  the  fAct  is  we  know  abaolutely  nothing  of  the  Sun's  heat,  and  cannot 
sifelj  reason  on  conjectures. 
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the  pre-existing  materials :  so  that  if  we  assume  a  freer  circulation  of 
underground  heat  below  this  crust  than  through  it,  as  I  think  volcanic 
action  indicates,  and  a  successive  building  up  of  crust  upon  crust  as 
it  is  destroyed  from  below,  together  with  an  intrusion  of  melted 
materials  which  from  time  to  time,  as  we  know,  has  taken,  and  is 
taking  place,  the  conditions  of  varying  increments  of  heat  actually 
met  with  in  equal  spaces  downwards  will  be  pretty  well  fulfilled. 
That  this  circulation  of  heat  takes  place  at  great  depths  is  rendered 
probable  by  the  alteration  of  the  positions  of  volcanos  from  time  to 
time  in  the  Earth's  history,  by  the  tremendous  evidences  of  volcanic 
effects  in  Tertiary  times,  and  by  existing  volcanos.^ 

Facts  are  safer  than  theories,  and  as  at  100  miles  deep,  even 
according  to  Sir  W.  Thomson's  theory,  the  rocks  now  must  be  at 
7000°  Fahr.,  if  this  circulation  of  internal  heat  takes  place  as  I  surest, 
there  is  sufficient  store  of  heat  in  the  Earth  now  to  carry  us  on  com- 
fortably for  another  1000  million  of  years,  without  those  reconstructive 
agencies  on  which  our  existence  depends  becoming  impotent 


XL — Geological  Time. 

By  C.  Llotd  Mo&oan,  F.G.S.,  A.B.S.M. 
(Part  I.) 

ONE  of  tbe  most  important  questions  which  modem  geologists 
have  to  answer  is  that  which  refers  to  the  duration  of  Geolo- 
gical time.  How  long  is  it  since  the  Glacial  epoch?  What  was 
the  date  of  man's  appearance  on  the  earth  ?  How  many  ages  have 
rolled  by  since  the  earth  first  became  the  habitation  of  organized 
beings  ?  Such  are  the  questions,  daily  repeated,  to  which  we  must 
make  some  answer,  or,  if  need  be,  honestly  confess  our  ignorance. 

It  is  interesting  to  notice  the  change  which  has  taken  place, 
within  the  last  century  or  so,  in  the  opinions  of  educated  men  on 
these  fundamental  questions.  At  the  beginning  of  the  present 
century  it  was  the  almost  universal  belief,  that  the  earth  had  been 
in  existence  some  5800  years,  and  the  human  race  some  six  days 
less.  *Now  there  are  few  men  of  ordinary  education  who  do  not 
admit  tbe  great  antiquity  of  man,  and  the  vast  age  of  the  globe 
which  he  inhabits ;  while  theologians  vainly  endeavour  to  persuade 
us  that  the  Mosaic  six  days  meant  six  long  geological  periods, 
forgetful  that  Moses  (if  indeed  he  was  the  author  of  Genesis)  was 
writing  a  history  of  the  Jewish  race  and  their  beliefs,  so  far  as  he 
could  gather  it  from  tradition,  not  a  treatise  on  Geological  Cos- 
mogony. 

But  just  as  a  young  man  who  has  been  subject  to  too  great  and 
unwise  restraint,  when  he  has  once  broken  the  fetters,  rushes  into 

*  A  study  of  Mr.  Darwin's  "  Geological  Observations,"  published  first  as  early  as 
1844,  will,  I  think,  conyince  the  most  sceptical  of  the  continued  actavity  of  the 
volcanic  forces  in  South  America  on  a  tremendous  scale,  which  must  leave  some  im- 

Sression  on  underground  temperature  there  in  future  ages,  though  I  agree  with  Prof, 
udd  that  there  nas  not  necessarily  been  the  same  actual  display  of  energy  at  every 
period  of  the  Earth's  history.  This  is  dependent  on  many  causes,  which  I  hope  to 
he  able  to  further  explain  at  a  future  time. 
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too  great  and  equally  unwise  exoess,  before  be  settles  down  into  the 
steady  earnestness  of  sober  manhood,  so  did  geologists,  when  they 
had  freed  themselves  from  the  restraint  imposed  upon  them  by  a 
belief  in  the  truth  of  the  Mosaic  account  of  Creation, .  make  too 
great  drafts  on  the  bank  of  Geological  Time.  '*  In  the  economy  of 
the  world,"  said  Hutton,  "  I  can  find  no  traces  of  a  beginning,  no 
prospect  of  an  end."  Geological  Time  was  considered  illimitable, 
and  a  false  analogy  was  set  up  between  the  boundless  infinity  of 
space  and  the  vast  immensity  of  past  time.  Geologists  began  to 
speak  of  millions  of  years  as  mere  moments  in  the  antiquity  of  the 
earth's  history.  Thousands  of  millions,  billions,  and  **  vast  ceons  " 
of  past  time  were  spoken  of  with  impunity."  This  error,  for  we 
shall  shortly  see  that  it  was  an  error,  arose  partly  no  doubt  from  our 
utter  inability  to  conceive  periods  of  time  which  greatly  exceed  in 
length  the  three  or  four  thousand  years  with  which  the  history  of 
nations  has  to  deal.  Directly  we  cease  to  have  -a  clear  mental  image 
of  the  length  of  time  spoken  of,  and  can  no  longer  refer  it  to  any 
standard,  we  get  into  the  region  of  mere  empty  words  which  mean 
nothing.  "  A  million  of  years  " — it  is  easily  said,  but  really  conveys 
very  little  to  the  mind.  Mr.  Croll,  feeling  the  truth  of  this,  helps 
us  to  conceive  this  immense  period  of  time.  "  There  is  one  way," 
he  says,  '*  of  conveying  to  the  mind  some  idea  of  what  a  million  of 
years  really  is.  Take  a  narrow  strip  of  paper,  an  inch  broad,  or  more, 
and  eighty-three  feet  four  inches  in  length,  and  stretch  it  along  the 
wall  of  a  large  hall,  or  round  the  walls  of  an  apartment  somewhat 
over  twenty  feet  square.  Recall  to  memory  the  days  of  your  boy- 
hood, so  as  to  get  an  adequate  conception  of  what  a  period  of  a 
hundred  years  is.  Then  mark  off  from  one  of  the  ends  of  the  strip 
one-tenth  of  an  inch.  The  one-tenth  of  a  inch  will  then  represent 
one  hundred  years,  and  the  entire  length  of  the  strip  a  million  of 
years.  It  is  well  worth  making  the  experiment,"  Mr.  Croll  adds, 
**  just  in  order  to  feel  the  striking  impression  that  it  produces  on  the 
mind." 

Having  grasped  in  some  degree  the  vast  period  of  time  conveyed 
by  that  little  phrase  "a  million  of  years,"  the  geologist  is  in  a  better 
position  to  hear  patiently  the  arguments  brought  forward  by  physi- 
cists for  the  definite  limitation  of  that  time,  which  the  School  of 
Uniformity  had  taught  him  to  consider  as  indefinite  in  length.  Of 
those  who  have  made  this  subject  their  special  study,  Sir  William 
Thomson  takes  the  l^ad,  and  he  has  considered  the  matter  from 
more  than  one  point  of  view. 

I  will  here  extract  a  short  description  of  his'^results  from  Professor 
P.  Guthrie  Tait's  "  Becent  Advances  in  Physical  Science,"  in  which 
there  is  a  brief  risunU  which  "contains  nearly  all  that  is  accurately 
and  definitely  acquired  to  science  upon  the  subject"  In  the  first 
place,  then,  Sir  William  Thomson  takes  into  careful  consideration 
the  facts  connected  with  the  internal  temperature  of  the  earth.  It 
is  a  matter  of  every-day  experience  that  there  is  a  gradual  increase 
of  temperature  as  we  descend  into  the  earth's  crust  But  "  when- 
ever  a  body  is  hotter  at  one  part  than  at  another,  tk^  tOiiidsiicss  ^1 
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heat  ifl  always  to  flow  from  the  hotter  part  of  the  body  to  the  colder. 
Therefore,  as  the  earth's  crust  is  warmer  and  warmer  as  we  go 
farther  and  farther  down,  there  must  be  a  steady  flow  of  heat 
onwards  from  the  interior  to  the  surface.  The  earth  is  therefore 
even  now  losing  heat  at  a  certain  perfectly  measurable  and  cal- 
culable rate."  This  rate  has  been  calculated  by  Sir  William 
Thomson.  Taking  the  rise  of  temperature,  over  the  whole  earth's 
surface,  "  at  an  average  of  about  one  degree  for  one  hundred  feet  of 
descent,"  he  concludes  ''  that  about  ten  millions  of  years  ago  the 
surface  of  the  earth  had  just  consolidated,  or  was  just  about  to  con- 
solidate." "  Thus  we  can  say  at  once  to  geologists,"  says  Professor 
Tait,  *^  that  granting  this  premiss, — that  physical  laws  have  remained 
as  they  are  now,  and  that  we  know  of  all  the  physical  laws  which 
have  been  operating  since  that  time, — we  cannot  give  more  scope  for 
their  speculations  than  about  ten  or  (say  at  most)  fifteen  millions  of 
years. 

It  is  hardly  necessary  to  point  out  how  uncertain  are  the  data  on 
which  these  calculations  are  based,  and  with  uncertain  data  the  most 
rigorous  and  accurate  mathematids  can  do  little.  As  Professor 
Huxley  has  remarked,  if  we  throw  peascods  into  our  mathematical 
mill,  we  cannot  expect  to  extract  wheaten  flour.  In  the  first  place, 
the  laws  of  the  conduction  of  heat  through  itdensely  heated  bodies, 
which  are  not  homogeneous,  are  by  no  means  well  understood,  and 
the  earth's  crust  is,  probably,  not  only  heterogeneous  in  composition, 
but  partially  solid  and  partially  liquid.  In  the  second  place,  the 
rate  of  increase  of  temperature  taken  1°  for  every  one  hundred 
feet  descent  into  the  earth,  though,  perhaps,  a  fair  average  of  known 
observations,  is  but  a  rough  generalization.  Could  we  know  what 
is  the  rate  of  increase  of  temperature  for  every  one  hundred  feet  of 
descent  over  the  vast  oceanic  areas  of  our  globe,  we  might  have  to 
modify  our  generalization  in  a  very  important  degree.  I  am  not 
aware  whether  Sir  William  has,  in  his  estimate,  taken  into  con- 
sideration the  amount  of  heat — in  all  probability  great — which  has 
been  generated  in  the  ■  earth  by  contraction  of  her  sphere  and  the 
consequent  lateral  pressure,  or  the  amount  which,  as  suggested  by 
Professor  Huxley,  may  have  been  produced  by  chemical  combination. 

Geologists  may,  therefore,  well  hesitate  before  they  accept  this 
limitation  to  ten  or  fifteen  millions  of  years.  Sir  William  Thomson 
himself,  however,  takes — or  until  a  recent  date  took — a  liberal  view 
of  the  matter,  and  granted  to  geologists  about  one  hundred  millions 
of  years. 

Sir  William  Thomson's  second  argument  depends  upon  tidal 
retardation,  llie  fact  that  the  tide  waves  act  as  a  check  upon  the 
rotation  of  the  earth  on  her  axis,  is  now  well  known.  The  earth, 
in  fact,  revolves  within  a  friction-brake  which  has  caused  a  slacken- 
ing of  her  rate  of  rotation,  even  within  historical  times ;  for  partly 
from  this  cause  the  moon  "  seems  to  have  been  moving  quicker  as 
time  has  gone  on  since  the  eclipses  of  the  fifth  and  eighth  centuries 
before  our  era."  Now  this  action,  if  continued  long  enough,  will 
at  length  cause  the  tide  waves  to  remain  fixed  in  their  position  on 
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the  earth's  snrfaoe,  and  will  cause  **  the  earth  constantly  to  turn  the 
same  portion  of  its  surface  towards  the  moon,  and  therefore  to  rotate 
about  its  axis  in  the  same  period  as  that  in  which  the  moon  revolves 
about  it.  This  most  remarkable  ultimate  effect  we  see  already  pro- 
duced in  the  moon — it  is  precisely  the  same  thing — ^we  see  the 
moon  turning  almost  exactly  the  same  portion  of  its  surface  to  the 
earth  at  all  times." 

"  It  being  thus  established  that  the  rate  of  rotation  of  the  earth 
IB  constantly  becoming  slower,  the  question  comes :  How  long  ago 
must  it  have  solidified  in  order  that  it  might  have  the  particular 
amount  of  polar  flattening  which  it  shows  at  present  ?  "  To  which 
Professor  Tait  gives  the  somewhat  indefinite  answer:  ''That  because 
the  earth  is  so  little  flattened  it  must  have  been  rotating  at  very 
nearly  the  same  rate  as  it  is  now  rotating  when  it  became  solid. 
Therefore,  as  its  rate  of  rotation  is  undoubtedly  becoming  slower  and 
slower,  it  cannot  have  been  many  millions  of  years  back  when  it 
became  solid,  else  it  would  have  solidified  into  something  very  much 
flatter  than  we  find  it.  That  argument,  taken  along  with  the  first 
one,  probably  reduces  the  possible  period  which  can  be  allowed  to 
geologists  to  something  less  than  ten  millions  of  years." 

Now,  even  if  we  grant,  as  is  quite  probable,  that,  when  it  first 
solidified,  the  earth  was  a  more  oblate  spheroid  than  at  present, 
ft  is  by  no  means  probable  that  she  would  have  continued  to  possess 
the  self-same  figure  until  now  1  Sir  William  Thomson  himself  and 
Mr.  Oeorge  D^:win,  in  their  papers  on  the  possible  changes  of 
the  earth's  axis  of  rotation,  express  a  belief  that  the  earth  would 
readjust  itself  to  its  form  of  equilibrium,  if  by  some  chance  it  should 
at  any  time  fail  to  conform  to  that  figure.  This  might  be  effected 
either  "impulsively  by  means  of  earthquakes,"  or  gradually,  in 
which  latter  case  there  might  have  been  a  special  tendency  for  the 
melted  products  of  volcanic  action  to  be  extruded  in  the  neigh- 
bourhood of  the  polar  regions;  and  it  is  a  noteworthy  fact  that 
polar  lands  are  remarkably  volcanic  in  their  character.  No  geolo- 
gist who  has  studied  the  contortions  of  strata  in  any  mountain 
r^on  could  believe  that,  since  its  first  solidification,  the  earth's 
figure  had  been  absolutely  unaltered,  while  many  would  contend, 
and  with  much  weight,  that  whatever  its  original  form,  during  the 
mechanical  deposition  of  strata  its  present  figure  must  have  been 
produced.  "  We  cannot  infer  from  the  present  shape  of  our  globe," 
writes  Mr.  Croll,  "  what  was  its  form,  or  the  rate  at  which  it  was 
rotating  at  the  time  when  its  crust  became  solidified.  Although  it 
had  been  as  oblate  as  the  planet  Jupiter,  denudation  must  in  time 
have  given  it  its  present  form."  Polar  ice-caps  and  the  varying 
distribution  of  land  and  ocean  introduce  uncertainties  into  the 
data  for  calculation,  which  must  prevent  our  placing  any  implicit 
fidth  in  the  results  obtained. 

The  third  point  taken  into  consideration  by  Sir  William  Thomson, 
in  his  estimate  of  the  length  of  geological  time,  is  the  probable 
duration  of  the  sun's  heat.  There  are  several  theories  of  the 
origin  and  source  of  solar  heat    Among  others,  as  indeed  ^^  tcl\^\ 
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expect,  is  one  which  accounts  for  this  heat  by  combustion,  such 
as  is  carried  on  when  we  bum  coal  in  a  fire-grate.  But  '*  to  main- 
tain the  present  rate  of  radiation,"  says  Mr.  CroU,  "  it  would  require 
the  combustion  of  about  1500  pounds  of  coal  per  hour  on  every 
square  foot  of  the  sun's  surface,  and  were  the  sun  composed  of  that 
material,  it  would  be  all  consumed  in  less  than  five  thousand  years." 
"  The  opinion,"  he  adds,  ''  that  the  sun's  heat  is  maintained  by  com- 
bustion, cannot  be  entertained  for  a  single  moment" 

Another  hypothesis  shall  be  stated  and  answered  in  the  words  of 
Professor  Tyndall  (Heat  a  Mode  of  Motion,  p.  478) :  "  The  sun 
we  know  rotates  upon  his  axis  once  in  about  twenty-five  days ;  and 
the  notion  has  been  entertained  that  the  friction  of  the  periphery 
of  this  wheel  against  something  in  surrounding  space  produces 
the  light  and  heat.  But  what  forms  the  brake,  and  by  what 
agency  is  it  held,  while  it  rubs  against  the  sun  ?  Granting,  more- 
over, the  existence  of  the  brake,  we  can  calculate  the  total  amount 
of  heat  which  the  sun  could  generate  by  such  friction.  We  know 
his  mass ;  we  know  his  time  of  rotation ;  we  know  the  mechanical 
equivalent  of  heat;  and  from  these  data  we  can  deduce,  with 
certainty,  that  the  force  of  rotation,  if  entirely  converted  into  heat, 
would  cover  less  than  two  centuries  of  emission."  The  Gravitation 
Theory  is,  indeed,  the  only  hypothesis  which  is  generally  admitted 
by  physicists,  but  of  that  theory  there  are  two  forms.  One  of 
these,  which  is  known  as  the  Meteoric  Theory,  was  first  proposed 
by  Dr,  Meyer,  of  Heilbronn.  According  to  this  hypothesis,  the 
sun's  heat  is  maintained  by  the  continual  fall  upon  his  surface 
of  meteoric  matter,  by  a  constant  rain  of  meteorites.  The  amount 
of  energy  exerted  by  one  pound  weight  falling  upon  the  sun  from 
an  infinite  distance  would  be  sufficient  to  raise,  says  Mr.  CroU, 
one  thousand  tons  to  a  height  of  five  and  a  half  miles.  "  It  would 
project  the  Warrior^  fully  equipped  with  guns,  stores,  and  ammuni- 
tion, over  the  top  of  Ben  Nevis."  "Prodigious  as  is  the  energy 
of  a  single  pound  of  matter  falling  into  the  sun,  nevertheless  a 
range  of  mountains,  consisting  of  a  hundred  and  seventy-six  cubic 
miles  of  solid  rock,  falling  into  the  sun,  would  maintain  his  heat 
for  only  a  single  second.  A  mass  equal  to  that  of  the  earth  would 
maintain  the  heat  for  only  ninety-three  years,  and  a  mass  equal 
to  that  of  the  sun  itself  falling  into  the  sun,  would  afford  but 
thirty-three  million  years'  sun  heat."  The  Meteoric  Theory  has  now 
given  way  before  that  known  as  the  Contraction  or  Condensation 
Theory  of  Helmholtz. 

If  we  take  a  closed  cylinder,  in  which  works  a  closely-fitting  piston, 
and,  by  a  sudden  downward  motion  of  the  piston,  condense  the  air 
within  the  cylinder,  we  shall  raise  the  temperature  of  that  air,  and 
this  to  such  an  extent,  that  a  piece  of  German  tinder,  placed  at  the 
bottom  of  the  cylinder,  may  be  ignited  in  this  way.  If  the  pressure 
were  to  be  brought  to  bear  slowly  instead  of  rapidly,  an  equal 
amount  of  heat  would  be  produced,  and  if,  instead  of  the  external 
force  of  muscular  energy,  the  internal  force  of  the  gravitation  of  the 
partides  of  the  gaseous  air  towards  each  other  were  to  cause  the 
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condensation,  the  same  effect  would  be  prodnced :  heat  would  be 
evolved.  According  to  the  Nebular  hypothesis,  the  primitive  fire- 
mist,  or  nebulous  mass,  out  of  which  our  system  has  been  elaborated, 
once  extended  beyond  the  orbit  of  the  sun's  most  distant  planet. 
Daring  the  condensation  from  that  nebulous  state  to  the  present 
condition  of  the  sun,  a  definite  amount  of  heat  must  have  been 
given  out  by  that  luminary.  This  amount  has  been  approximately 
calculated.  It  would  suffice  for  the  radiation  of  some  twenty  millions 
of  years,  or  if,  as  is  probable,  the  sun's  density  increases  towards 
its  centre,  for  that  of  a  somewhat  longer  period.  If  gravitation, 
therefore,  be  the  only  possible  source  of  sun  heat,  all  geological 
phenomena  will  have  to  be  comprised  within  a  period  of  less  than 
twenty  millions  of  years.  But  it  is  highly  improbable,  as  Mr.  Groll 
has  pointed  out,  that  the  nebulous  mass  should  have  existed  in  the 
gaseous  state,  without  possessing  a  high  temperature  to  begin  with. 
Nay,  rather,  it  is  most  probable  that  it  was  to  its  excessive  tempera- 
ture that  its  intensely  rarefied  condition  was  due.  How,  then,  was 
this  high  initial  temperature  produced?  The  answer  must  be  a 
purely  hypothetical  one.  But  there  is  one  way  in  which  this 
temperature  may  have  been  produced. 

Our  system  is  believed  by  astronomers  to  be  moving  onward 
through  space,  probably  in  the  direction  of  the  constellation  Her- 
cules, and  from  analogy  we  may  well  presume  that  other  suns  are 
likewise  in  motion.  Sirius,  for  example,  has  a  relative  motion  to 
that  of  our  sun,  which  tends  to  increase  the  distance  between  these 
bodies  by  about  twenty  miles  in  every  second  of  time.  Other 
celestial  globes  must  be  approaching  each  other.  Taking  an  hypo- 
thetical case,  Mr.  Groll  tells  us  that,  *'  Two  bodies,  each  one  half  the 
mass  of  the  sun,  moving  directly  towards  each  other  with  a  velocity 
of  four  hundred  and  seventy-six  miles  per  second,  would  by  their 
concussion  generate  in  a  single  moment  fifty  million  years'  heat." 
**  Why  may  not  the  sun  have  been  composed  of  two  such  bodies  ?  " 
he  adds,  **  And  why  may  not  the  original  store  of  heat  possessed  by 
him  have  all  been  derived  from  the  concussion  of  these  two  bodies?" 
"  Two  such  bodies  coming  into  collision  with  that  velocity  would  be 
dissipated  into  vapour  by  such  an  inconceivable  amount  of  heat  as 
would  thus  be  generated ;  and  when  they  condensed  on  cooling,  they 
would  form  one  spherical  mass  like  the  sun." 

Thus,  although  the  consideration  of  the  sun  as  our  source  of  heat 
would  seem  at  first  to  limit  the  history  of  the  earth,  as  the  habita- 
tion of  life,  to  some  fifteen  or  twenty  millions  of  years,  a  method  by 
which  the  sun-heat  may  have  sufficed  for  a  hundred  million  of  years 
18  at  any  rate  not  inconceivable. 

On  the  other  hand,  Mr.  Norman  Lockyer  **  thinks  it  likely  that 
many  of  the  substances  which  we  believe  to  be  elements,  because  we 
have  not  been  able  to  decompose  them,  are  really  compounds ;  and 
that,  during  the  early  periods  of  a  star's  lifetime,  their  components 
existed  in  an  uncombined  state,  the  dissociation  being  perhaps  due 
to  intense  heat ;  when  the  heat  was  so  far  reduced  that  it  was  no 
longer  able  to  keep  the  elements  apart,  chemical  combination  V>q^>l 
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plaoe,  and  the  process  may  have  set  free  a  yery  considerable  quan- 
tity of  heat;  in  other  words,  when  the  energy  which  had  before 
been  oocnpied  in  preventing  combination  became  no  longer  equal 
to  the  task,  it  appeared  as  sensible  heat"  That  the  data,  on  which 
these  speculations  concerning  solar  radiation  are  conducted,  are  not 
of  a  perfectly  certain  nature,  may  be  gathered  from  the  following 
quotation  from  Professor  Tait's  sixth  lecture :  "  The  very  lowest 
estimate  which  we  can  make  of  the  capacity  of  the  sun  for  heat  is 
such  that,  cooling  at  the  present  rate — losing  energy  at  its  present 
rate— the  sun  cannot  possibly  cool  more  than  a  single  degree  Centi- 
grade in  seven  years.  It  may  be,  on  the  highest  estimate  we  can 
take,  one  degree  in  seven  thousand  years ;  the  data  are  very  un- 
certain ;  but  we  may  say  that  these  are  the  limits  between  which  it 
must  lie." 

Physically  speaking,  therefore,  we  may  consider  that  geological 
time  must  be  comprised  within  limits  of  from  ten  ,to  one  hundred 
millions  of  years. 

Let  us  now  turn  to  the  other  side  of  the  question,  and  consider 
past  time  from  the  geological  standpoint.  The  questions  for  con- 
sideration are  obviously  these.  In  the  first  place,  what  is  the 
average  thickness  of  the  sedimentary  formations  of  some  definite 
area,  say  Great  Britain  ?  in  the  second  place,  at  what  rates  were  they 
severally  and  collectively  deposited  ?  and  lastly,  what  was  the  length 
of  time  occupied  in  their  deposition  ? 

It  is  essentially  necessary  that  we  should  confine  our  attention  to 
the  thickness  of  the  rocks  of  a  definite  area.  We  know  next  to 
nothing  of  the  geology  of  the  world  taken  as  a  whole.  Living  as 
we  do  on  the  land,  we  have  only  the  power  of  studying  at  most 
somewhat  less  than  one-fourth  of  the  earth's  surface,  and  of  that  one- 
fourth  but  a  very  small  portion  is  actually  known  to  us.  Mr.  CroU 
has  calculated  that,  assuming  the  duration  of  geological  time  to  be 
one  hundred  million  years,  at  the  present  rate  of  denudation  the 
total  mean  thickness  of  rock  formed  during  that  time  cannot  exceed 
five  thousand  feet.  This  may  be  so,  and  Mr.  Croll's  supposition, 
that  in  the  depths  of  the  Atlantic,  Pacific  and  Indian  Oceans,  "  little 
or  no  stratified  deposits  may  exist,"  may  possibly  be  true.  Our 
wisest  course,  however,  in  the  existing  state  of  knowledge,  is,  as  it 
seems  to  me,  to  study  our  own  group  of  rocks,  the  conditions  under 
which  those  rocks  were  formed,  and  the  evidence  which  we  have,  or 
have  not,  for  long  breaks  in  the  continuity  of  their  deposition.  This 
is  the  task  to  which  I  will  now  apply  myself. 

Professor  Ramsay,  Director-General  of  the  Geological  Survey  of 
Great  Britain,  tells  us  that  the  sedimentary  formations  of  that  area 
have  a  maximum  thickness  of  upwards  of  seventy-two  thousand  feet, 
(thirteen  and  a  half  miles).  But  to  this  must  be  added,  say  some 
geologists,  "the  quantity  of  rock  removed  during  past  ages  by 
denudation."  "  In  many  places,"  writes  Mr.  Croll,  "  the  missing 
beds  must  have  been  of  enormous  thickness.  The  time  represented 
by  beds  which  have  disappeared  is,  doubtless,  as  already  remarked, 
much  ^eater  than  that  represented  by  the  beds  which  now  remain." 
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We  must  be  careful,  however,  not  to  confuse  the  maximum  thickness 
given  by  Professor  Ramsay  with  the  average  thickness  of  the  strata. 
In  different  parts  of  England  the  same  series  of  strata  will  often 
vary  much  in  thickness.  For  example,  a  band  of  Oolitic  rocks  runs 
across  England  from  the  coast  of  Yorkshire  to  that  of  Dorsetshire. 
Near  Cheltenham  the  thickness  is  more  than  500  feet,  while  in 
Dorsetshire  it  is  found  to  be  reduced  to  less  than  25  feet  I  Other 
instances  might  be  given  to  any  extent.  The  Eimraeridge  Clay 
near  Oxford  is  some  90  or  100  feet  thick ;  but  in  the  Sub-wealden 
boring  near  Hastings  it  was  found  to  have  a  thickness  of  some  7(>0 
feet  We  may  therefore  fairly  consider  that  the  maximum  estimate, 
seventy-two  thousand  feet,  is  considerably  in  excess  of  the  average 
thickness  of  the  sedimentary  rocks  of  Great  Britain.  The  argument, 
too,  as  to  the  amount  of  rock  swept  away  in  past  times  by  denuda- 
tion, must  not  be  pushed  too  far.  In  many  parts,  indeed,  whole 
groups  of  strata  have  disappeared  from  the  rocky  structure  of  our 
island  from  this 'cause;  but  in  other  parts  these  groups  are  well 
represented.  From  the  fact  also  that  during  the  elevation  of  our 
islands  the  strata  must  have  been  tilted  so  as  to  assume  an  inclined 
position,  denudation  has  exerted  its  destructive  influence  on  the 
edges  of  the  strata,  and  therefore  has  not  precluded  us  from  estimat- 
ing their  original  thickness.  It  is  as  if  a  fire  had  occurred  in  our 
geological  library,  which  did  indeed  destroy  a  great  mass  of 
literature,  but  acting  upon  the  exposed  edges  of  the  books,  left  a 
portion  of  each  in  its  place,  which  portion  represents  the  thickness, 
but  not  the  size  of  the  book. 

But  there  is  another  fact  to  be  taken  into  consideration.  Professor 
J.  Young  (Pres.  Address,  Sect.  C,  Brit.  Assoc.,  1876)  has  pointed  out 
that  our  method  of  arranging  the  rocks  in  one  long  series,  from 
Laurentian  to  historical  times,  is  erroneous,  and  leads  us  to  give  an 
excessive  estimate  of  the  thickness  of  our  strata.  He  argues  that 
some  groups,  which  we  are  wont  to  arrange  in  a  continuous  vertical 
series,  were  in  reality  contemporaneous,  and  should  be  arranged  side 
by  side  in  parallel  series.  Our  strata  do  not  furnish  us,  as  is 
generally  taught,  with  one  continuous  though  mutilated  volume,  but 
with  two  or  three  contemporaneous  and  also  mutilated  volumes, 
bound  up  together.  Let  us  consider  for  a  moment  the  strata  now  in 
prooeBS  of  formation  in  the  neighbourhood  of  our  islands.  In  the 
English  Channel  sand  is  being  deposited;  further  west,  in  the  deeper 
stiller  water  south  of  Ireland,  fine  mud  is  being  laid  down;  and 
somewhat  further  west,  in  the  deeper  Atlantic,  Glohigerina  ooze  is 
being  formed.  Now  it  can  hardly  fail  to  happen  that  in  many 
places  near  the  boundaries  of  these  deposits  fine  mud  will  be  laid 
down  on  the  top  of  Glohigerina  ooze,  on  the  one  hand,  and  sand  on 
the  fine  mud,  on  the  other  hand.  But  how  erroneous  would  be  the 
conclusions  of  the  future  geologist,  who,  arguing  from  the  fact  that 
he  found  in  one  area  the  clay  lying  upon  chalk,  and  in  another  sand 
upon  {ke  clay,  placed  these  strata  in  one  continuous  series,  and  took 
tne  maximum  thiekness  of  each.  In  this  way  he  might  easily  form 
an  estimate  at  least  double  the  true  thickness  of  the  formations. 

DBCADB  n. — VOL.  V.  —KO,    IV.  \\ 


162        Prof.  J.  Toung— Deposits  preserved  under  "  Tiii:' 

And  yet  in  the  tables  of  strata  geologists  almost  invariably  adopt 
the  linear  arrangement  of  strata,  and  have  a  tendency  to  take  the 
maximum  thickness  of  each  group  of  rooks.  Thus  we  group  certain 
rocks  as  under : 

Chalk 

Upper  Qreensand 

Oault 

Lower  Greensand 

Wealden 

Purbeck. 
Professor  Young,  however,  in  his  Address,  thought  it  highly  pi-obahle 
that  "the  Lower  Greensand  is  contemporaneous  with  part  of  the 
Chalk,  so  were  parts  of  the  Wealden ;  nay,  even  of  the  Purbeck  a 
portion  must  have  been  forming  while  the  Cretaceous  sea  was 
gradually  deepening  southward  and  westward."  Our  earth's  history, 
indeed,  is  not  like  the  simple  history  of  one  kingdom,  but  more 
closely  resembles  the  contemporaneous  history  of  several  provinces. 

(To  hi  concluded  in  our  next  Number,) 


III. — What  must  be  Explained  before  the  Preservation  of 

Deposits  under  Till  is  Explained. 

By  Professor  John  Touno,  M.D.,  Glasgow  UiuTersitj. 

AS  I  am  one  of  those  who  find  difficulty  in  understanding  the 
preservation  of  stratified  deposits  bepeath  the  Till,  I  would 
like  to  point  out  to  Mr.  J.  Geikie  that  he  has  not  correctly  stated 
the  difficulty  in  his  paper  (Geol.  Mag.  Feb.  1878)  on  "The  Pre- 
servation of  Deposits  under  Till  or  Boulder-clay."  The  difficulty 
really  lies  in  the  explanation  of  how  the  Till  itself  was  deposited : 
were  that  clear,  the  preservation  of  beds  beneath  it  might  be  at  once 
intelligible.  Admitting  the  passage  of  an  ice-sheet  across  the  country, 
admitting  further  that  the  Till  is  the  moraine  profonde  of  such  an 
ice-sheet,  the  accumulation  of  100  feet  of  Till  beneath  the  ice-sheet 
is  a  phenomenon  which  has  not  been  explained,  and  cannot  be  passed 
over  as  unimportant.  A  moving  mass  of  ice,  2000  feet  thick, 
seems  a  formidable  agent  of  erosion  ;  yet  where  I  now  write  nearly 
100  feet  of  Till  intervene  between  the  surface  and  the  Carboniferous 
rocks,  which,  where  exposed,  shows  striations  having  the  usual 
compass  bearing  for  this  neighbourhood.  The  greater  portion  of  the 
Till  hereabouts  is  derived  from  the  Carboniferous  rocks  of  the  dis- 
trict, but  numerous  boulders  of  granite,  felstone,  schist,  and  of  Old 
Bed  Sandstone  sedimentary  and  volcanic  rocks,  show  that  the  ice 
had  brought  materials  from  a  wider  area.  The  limits  of  the 
Carboniferous  series  are  about  twelve  miles  to  the  west  and  north- 
west of  Glasgow,  that  being  the  direction  whence  the  ice  came. 
As  the  ice  of  a  modern  glacier  pushes  the  results  of  erosion  before 
it,  we  may  conclude  that  the  old  ice-sheet  with  a  pressure  of  about 
1000  lbs.  to  the  square  inch  did  the  same ;  indeed,  Mr.  G^ikie  has 
already  accepted  this  "  idea  as  to  how  an  ice-sheet  would  behave," 
but  without    explaining  how   the    alternate    exposure    and    con- 
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oealment  was  effected  in  the  presence  of  very  thick  Till.  It 
may  be  said  that  the  ice  pushed  its  moraine  profande  before  it»  but 
then  Hugh  Miller's  **  pavements  "  have  always  been  referred  to  as 
proofis  that  the  ice  overrode  not  displaced  the  Till  already  accumu- 
lated. And  this  was  inferred  from  the  fact  that  glaciers,  when  they 
do  override  their  terminal  moraines,  grind  down  their  new  beds. 
Professor  Oeikie  has  suggested  that  the  upper  part  of  the  Till  of 
Scotland  may  belong  to  the  same  series  as  the  inland  Till,  may 
indeed  have  been  the  product  of  the  same  ice-sheet,  in  which  case 
**  they  will  indicate  for  us  those  portions  of  the  great  grUnd  mordne 
which,  instead  of  accumulating  on  or  close  to  the  land,  were  actuaUy 
pushed  by  the  advancing  ice  far  out  to  sea,  where  they  were  more  or 
less  affected  by  marine  currents,  and  sometimes  received  and  pre- 
served marine  organisms.'*  Even  this  passage  does  not  give  a  clear 
view  of  how  the  Till  accumulated  on  the  land  to  such  depths  as  I 
have  mentioned ;  for  it  must  be  remembered  that  Till  contains  from 
50  to  65  per  cent,  of  impalpable  mud  which,  had  the  moraine  profande 
been  accumulated  on  )and,  would  have  been  washed  away  by  the 
waters  constantly  present  beneath  moving  ice.  But  the  admission 
that  the  upper  part  of  the  Till  might  have  been  laid  down  in  the 
sea  without  being  wholly  rearranged  is  .important.  The  preparation 
of  a  text-book  compelled  me,  four  years  ago,  to  record  the  difficulties 
which  the  ice-sheet  did  not  solve,  and  which  I  had  always  pointed' 
out  in  my  lectures.  I  then  suggested  as  a  possibility  that  the  Till, 
pushed  by  the  advancing  ice-sheet  off  the  land,  might  have  gathered 
on  the  sea-floor  in  comparatively  undisturbed  water,  protected  by 
ice,  either  the  land-ice  or  a  mass  of  ice  of  greater  size  and  duration 
than  the  modem  ice-foot.  This  compromise  between  land-ice  and 
sea- ice  seemed  the  only  possible  way  of  reconciling  the  thickness 
of  the  Till  at  places  with  its  generally  local  aspect  Deposits  of 
promiscuous  rubbish  over  stratified  material  without  disturbance  of 
the  latter  is  thus  possible,  while  the  crumpling  and  contortion  of 
the  strata  in  certain  places  might  be  the  work  of  bergs  or  coast-ice, 
the  erosion  perhaps  due  to  the  subglacier  waters.  When  we  are 
asked  to  believe  that  the  Till  is  not  merely  a  product  of  land-ice, 
bat  accumulated  on  land  under  a  moving  ice-sheet,  and  are  further 
asked  to  accept  the  erosion,  the  contortion  and  the  non-disturbance 
of  stratified  beds  as  alike  the  accompaniments  of  the  passage,  not  of 
land-ice,  but  of  the  morainic  matter  pushed  forward  by  it,  we  are 
practically  asked  to  give  up  the  attempt  to  solve  a  difficulty  which 
has  never  been  really  faced.  This  was,  I  assume,  not  Mr.  Qeikie's 
meaning ;  indeed  a  foot-note  betrays  consciousness  of  the  unsatis- 
hdory  character  of  the  argument,  though  the  suggestion  that  the 
interglacial  beds  were  not  eroded  by.  the  ice  because  they  were 
frozen  scarcely  adds  to  our  knowledge.  Mr.  Oeikie  says  that  the 
varying,  I  should  call  it  eccentric  behaviour  of  the  ice,  is  no  more  a 
difficijlty  than  the  erosion  by  a  river  at  one  point,  the  deposit  of 
alluvinm  at  another.  But  this,  like  all  analogies,  is  a  dangerous 
illustration :  the  alluvium  is  thrown  out  by  the  river  and  left.  It 
would  indeed  be  a  support  if  the  river  laid  down  thick  allu\yi\si- 
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and  did  not  erode  it :  if  further  the  allayiom  was  deriTed  from  the 
district  in  which  it  was  laid  down.  As  the  major  part  of  what  has 
been  written  on  the  '*  Glacial  Epooh  "  rests  on  preoonoeptions  and 
d  priori  anticipations  as  to  what  ice  would  do,  I  shall  not  discuss 
the  evidence  on  which  even  authoritative  statements  have  been  put 
forth.    My  wish  is  to  learn  how  the  100  feet  of  Till  were  aocmmn- 


lated :  for  even  if  they  were  piled  up  under  a  thinning  glader,  it 


still  remains  to  be  explained  how  bo  vast  a  quantity  o: 
could  have  been  won  from  a  small  area  by  an  agent  steadily  di- 
minishing in  force. 


rv. — ^NoTB  ON  Fesjeus  Sbarpii,  a  Maobubous  Deoapod  Ckusta- 

OEAN,  FROM  THE  UpPER  LiAS,  EiKGSTHORPB,  KXAE  NORTHAMPTON. 

By  Henry  Woodward,  LL.D.,  F.B.S.,  etc. 

(PLATE  IV.) 

IN  a  paper  on  the  Lias  of  Ilminster,  by  my  friend  Mr.  Charles 
Moore,  F.G.S.,  communicated  to  the  Somerset  Natural  History 
Society,  and  published  in  their  Proceedings  (1865-6,  voL  xiii.  p.  72), 
I  gave  a  list  of  the  Crustacea  submitted  to  me  for  examination  by 
Mr.  Moore,  among  which  was  a  species  belonging  to  the  genus 
PenafiSy  referred  by  me  to  P.  laiipea,  Oppel,  from  the  Upper  and 
Middle  Lias  of  Ilminster. 

In  my  fourth  Report  "  On  the  Structure  and  Classification  of  the 
Fossil  Crustacea,"  presented  to  the  British  Association  (Section  C. 
Geology),  at  the  Norwich  Meeting,  August,  1868,  I  noticed  the 
occurrence  of  a  second  British  species  belonging  to  this  genus  from 
the  Lias  of  Northamptonshire,  and  named  by  me  Penaus  Sharpii. 

The  following  is  an  extract  from  my  Report,  p.  74 : — "  I  have 
now  to  notice  another  species  of  the  genus  PenoBus  of  Fabricius  from 
the  (Lower*)  Lias  of  Northampton.  This  is  a  remarkably  per- 
sistent form,  and  the  genus  is  actually  found  now  living  in  the 
Mediterranean  if  Dr.  Oppel's  determination  be  correct,  which  I  feel 
little  doubt  in  endorsing.* 

"  This  handsome  Crustacean  "  (see  Plate  IV.)  "  was  not  less  than 
9^  inches  in  length  when  measured  along  the  dorsal  line,  the 
carapace  being  about  3  inches,  and  the  abdomen  6^ ;  the  rofrtnim 
was  very  strongly  serrated,  as  in  the  PalcemonidcB,  but  the  serzationa 
have  been  abraded  in  the  fossil. 

'*This  form  most  nearly  resembles  in  size  and  appearance  tb% 
Pencewf  apeciosua  of  Miinster,  but  differs  slightly  in  the  form  of  the  j] 
border  of  the  abdominal  segments,  and  also  in  the  direction  of  tllA 
strong  and  deeply-forked  sulcus  which  marks  each  side  of  the  laterbr 
anterior  portion  of  the  carapace  near  the  base  of  the  great  antennn. 
The  surface  of  the  carapace  and  segments  was  highly  enamelledi 
some  portions  of  which  may  still  be  observed  in  the  fossil. 

*  This  should  be  Upper  Lias. 

*  Dr.  Oppel  has  described  five  species  belonging  to  the  genus  Pleneeut.  One 
(P,  LianicuH)  from  the  Lower  Lias  of  Schambelen  and  four  from  the  lithographic 
Stone  of  Bavaria. 
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"  I  have  named  it  Penceus  Sharpii,  after  Mr.  Samuel  Sharp,  F.S.A., 
F.G.S.,  who  is  the  discoverer  of  the  fossil." 

My  present  object  in  again  calling  attention  to  this  specimen  is  to 
correct  an  error  made  in  1868,  when  I  described  it  as  from  ''the 
Lower  Lias  " — the  fact  being,  as  pointed  out  by  my  friend  Mr.  Sharp, 
that  it  occurs  in  the  very  top  zone  of  the  Upper  Lias  at  Eingsthorpe, 
in  a  bed  in  which  Ammonites  serpentinuSf  A,  communis,  and  A,  hifrons, 
are  abundant 

This  important  correction  also  enables  me  to  avail  myself  of  the 
two  carefully  drawn  views  of  Penceus  Sharpii  by  my  friend  Miss 
Edith  Jeyes,  to  whom  I  desire  to  express  my  best  thanks. 

The  specimen,  together  with  a  fine  series  of  Northamptonshire 
and  Lincolnshire  Fossils,  from  Mr.  S.  Sharp's  Museum,  now  form  a 
part  of  the  National  Collection. 


''  Rechbrohes  sur  les  terrains  terti aires  de  l'Europx  mIiridio- 
NALE."  Par  MM.  HI^bert  et  Munier-Ghalmas.  (Gomptes 
Bendus  des  Seances  de  1* Academic  des  Sciences,  tom.  Ixxxv.) 

A  DIFFERENCE  of  opinion  between  M.  Bayan  and  M.  Hebert 
with  respect  to  the  relative  position  of  the  lower  Eocene  beds 
of  Rouen  and  San-Giovanni  Ilarione,  led  the  latter  observer  to 
undertake  a  personal  survey  of  the  district  of  Vicenasa.  Accordingly, 
in  company  with  M.  Munier-Chalmas,  whojcarried  on  the  palseonto- 
logical  portion  of  work,  he  not  only  paid  a  visit  to  that  lo<»lity,  but 
extended  his  observations  to  the  Tertiary  beds  of  Hungary.  The 
results  of  these  researches  are  embodied  in  the  paper,  or  rather  series 
of  papers,  now  before  us.  The  authors  first  visited  Hungary,  and 
there,  aided  by  Herr  Max  von  Hantken,  the  Director  of  the  Hun- 
garian Greological  Institute,  they  made  a  careful  examination  of  the 
Tertiary  strata.  These  they  describe  with  some  minuteness,  and 
come  to  the  conclusion  that  the  Nummulitic  deposits  all  belong  to 
the  Middle  and  Upper  Eocene,  are  divisible  into  five  well-marked 
zones,  of  which  four  are  characterized  by  different  species  of  Num- 
mulites ;  whilst  the  Lower  Miocene  is  represented  by  two  beds, 
respectively  characterized,  as  in  the  Paris  Basin,  by  Cyrena  convexa 
and  Peetuncfdus  obovatus. 

Proceeding  to  Yicenza,  a  parallel  series  of  deposits  was  made  out, 
which  are  described  with  the  same  exactitude  as  the  others.  The 
volcanic  rocks  of  this  district,  held  by  many  to  be  contemporaneous, 
are  considered  by  the  authors  to  belong  to  a  later  period ;  and  the 
intercalation,  so  often  cited,  of  basalts  with  the  beds  of  limestone,  they 
maintain  is  merely  apparent.    No  notice,  therefore,  is  taken  of  them. 

M.  Hebert's  opinions  concerning  the  synchronism  of  these  two 
series  of  deposits  with  each  other,  and  those  of  the  Paris  Basin,  to- 
gether with  the  various  zones  into  which  they  are  divided,  will  be 
best  seen  by  referring  to  the  table  appended  to  the  paper,  which  it 
here  reproduced  for  the  convenience  of  oar  readeia.    (^^']^«\^i&^    ^ 
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The  Physioal  GEOLoaY  and  Okoqbaphy  of  Ibelamo.  By  E. 
Hull,  M.A.,  F.R.S.,  Director  of  the  Geological  Survey,  Ireland, 
and  Professor  of  Geology  in  the  Royal  College  of  Science, 
Dublin.  Post  8vo.  with  2  coloured  maps  and  26  wood  en- 
gravings, pp.  xvi.  and  291.     (London :  Stanford,  1878.) 

Second  Notice, 
(Contioued  from  the  March  Namber,  p.  127.) 

HAYING  thus  given  his  readers  an  acquaintance  with  the  funda- 
mental structure,  or,  as  it  were,  the  internal  anatomy  of  the 
country,  the  author  proceeds  to  discuss  the  causes  of  its  present 
features,  its  mountains  and  valleys,  its  rivers  and  lakes.  And  first 
taking  up  the  mountains,  he  naturally,  as  a  geologist,  devotes 
attention  principally  to  the  question  of  the  age  of  the  mountain 
ranges,  that  is,  the  date  (geological)  of  their  first  birth,  not  merely 
of  their  subsequent  development  or  reproduction.  It  will  be  quite 
unnecessary  to  explain  here  any  of  the  steps  in  this  reasoning,  but 
we  shall  give  a  summary  of  the  conclusions  which  he  arrives  at. 
The  entire  surface  of  Ireland,  viewed  as  a  whole,  consists  physically 
of  a  great  central  plain  bounded  in  most  directions,  but  not  entirely 
surrounded,  by  groups  of  mountains.  These  naturally  group  them- 
selves into  (1)  the  N.W.  Highlands;  Donegal  and  Derry — (2)  the 
Western  Highlands;  Galway,  Mayo,  etc. — (8)  the  S.W.  High- 
lands ;  Kerry,  Cork,  with  outlying  ridges — (4)  the  S.E.  Highlands  ; 
Wicklow,  Dublin — and  (6)  the  N.E.  Highlaftids;  Garlingford,  Down, 
etc.  Of  these  the  last  mentioned  are  decidedly  the  most  recent  in 
time  of  birth,  they  being  decidedly  later  than  the  Carboniferous  era ; 
but  older  than  Tertiary.  The  author  believes  them  to  be  probably 
Permian.  Th^y  are  old  volcanic  in  origin.  Then  the  S.W.  High- 
lands owe  their  existence  to  powerful  terrestrial  mechanical  forces, 
which  have  compressed  the  bedded  rocks  into  enormous  folds  and 
curves  with  a  general  E.  and  W.  axial  direction,  their  great  anti- 
clinais  often  broken  and  partly  denuded  at  the  top  of  curve,  and 
giving  rise  to  some  of  the  most  elevated  ground  in  Ireland,  while 
the  synclinals  have  been  eroded  into  river- valleys  and  deep  fiords, 
80  well  marked  in  the  indentations  of  the  S.W.  coast  (Banti-y, 
Dunnianus,  Kenmare  Bays).  And  these  forces  were  brought  into 
action  during  the  period  between  the  Carboniferous  and  the  Permian. 
The  other  three  groups,  the  western,  the  north-western,  and  the 
south-western  highlands,  were  of  a  date  between  the  Lower  and  the 
Upper  Silurian  (probably  '  pre-Llandovery '),  and  are  due  to  the 
.  exertion  of  intense  and  widespread  metamorphic  action.  The  direc- 
tion of  the  axes  of  these  groups  is  nearly  the  same,  and  is  between 
E.N.E.  and  N.E. 

The  '  great  central  plain '  next  comes  under  review.  This  may 
be  roughly  considered  conterminous  with  the  Carboniferous  Lime- 
stone, although  this  limestone  itself  is  only  occasionally  visible,  the 
greater  portion  of  the  surface  being  covered  by  beds  of  Boolder-cl^^ 
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and  limestone  gravel,  or  by  shallow  lakes  and  sluggish  rivers.     Ex- 
tensive peat  mosses  or  bogs  cover  large  areas  of  this  central  plain.' 

In  places  over  this  great  plain  we  find  still  remaining  detached  hills  of  Coal- 
measure  rocks,  monuments  of  the  former  extension  of  these  oyer  the  entire  area. 
The  probability  of  the  much  greater  former  extent  of  the  Carboniferous  rocks  is 
well  shown,  and  a  little  sketch-map  given,  which  indicates  that  only  detached  parts 
of  Donegal,  of  Gralway,  and  Wicklow  were  left  uncoYered  originally  by  one  or  other 
of  the  deposits  of  that  great  period.  Such  being  then  the  original  condition  of  this 
area,  the  effects  of  marme  denudation  on  such  a  surface  are  mscussed,  the  existence 
of  such  planes,  of  date  even  prior  to  the  Carboniferous  epoch,  pointed  out  (Slieve 
Partrv),  and  the  grand  instances  of  the  general  smoothenea  or  planed  do¥m  surface 
out  of  which  the  Dold  features  of  the  S.W.  of  Ireland  have  smce  been  carved  by 
subaerial  action.  He  then  details  the  features  which  would  result  from  these  suc- 
cessive operations,  and  concludes,  that  at  the  close  of  this  long  period  of  disturbance 
and  denudation,  lying  between  the  Carboniferous  epoch  on  the  one  hand  and  the 
Permian  on  the  other,  the  surface  of  Ireland  would  present  the  appearance  of  a  plain 
partly  formed  of  Coal-measures,  and  partly  of  older  rocks,  with  slight  inclinations 
in  various  directions  in  which  the  streams  and  rivers  would  begin  to  flow,  when  the 
whole  had  been  elevated  into  land.  Out  of  such  a  gently  undulating  plain  the 
physical  features  of  Ireland  were  probably  sculptured:  the  rivers  collected  and 
carried  off  the  debris;  the  softer  Carboniferous  rocks,  which  offered  such  favourable 
conditions  for  the  wasting  forces  to  act  upon,  began  rapidly  to  disappear ;  and  the 
purer  limestones  below,  once  reached,  were  quickly  dissolved  in  the  rain-fed  waters 
of  the  streams,  leaving  the  harder  Old  Red  and  Silurian  rocks  standing  out  in  bold 
ridges,  their  relative  elevation  due  not  so  much  to  any  forces  of  upheaval,  as  to  the 
comparatively  greater  destruction  and  removal  of  the  adjoining  strata.  To  estimate 
the  lull  power  of  such  forces,  we  must  attempt  to  form  some  idea  of  the  time  during 
which  they  were  in  opcration,'*^nd  here  we  must  recall  the  fact  already  noticed,  that 
in  Ireland  there  is  no  representative  (in  the  portion  occupied  by  the  great  central 
plain  of  which  the  author  is  speaking)  whatever  of  the  Mesozoic,  or  older  Cainozoic 
rocks,  and  that  the  only  satisfactory  cause  of  this  absence,  when  they  are  so  largely 
and  fully  represented  in  the  adjoinmg  island,  is  that  they  never  were  deposited  in 
Ireland,  or,  in  other  words,  that,  during  the  long  period  represented  by  their  for- 
mation, part  of  Ireland  was  above  water,  and  was  subjected  to  all  the  destroving 
forces  which  can  only  act  energetically  on  dry  land.  "  If  this  be  so,"  Prof.  lluU 
eloquently  says,  '*  how  vast  was  the  lapse  of  time  during  which  this  portion  of  the 
British  Islands  was  being  subjected  to  the  wasting  influences  of  ram,  rivers,  and 
other  subaerial  agents  of  erosion  !  During  this  time  the  Permian  beds,  with  their 
varied  depi^its  of  sandstone  and  limestone,  stored  with  marine  fossils,  were  de- 
posited; the  great  salt  lakes  of  the  Triassio  period  were  constructed;  successive 
generations  of  Saurians,  Molluscs,  and  other  marine  forms  flourished  and  passed 
away  during  the  Liossic  stage ;  great  beds  of  Oolitic  limestone,  now  rising  into 
mountain  ridges  along  both  sides  of  the  central  axis  of  the  Alps,  and  composed 
almost  entirely  of  the  shells  and  skeletons  of  marine  organisms,  were  laid  down  over 
the  floor  of  the  Jurassic  sea.  Then  followed  in  succession  subaerial,  lacustrine  and 
estuarine  conditions,  which  at  length  gave  place  to  fresh  submersions  under  the 
ocean  of  the  Cretaceous  period,  during  which  masses  of  limestone,  many  hundreds 
of  feet  in  thickness,  were  constructed  oy  the  ceaseless  industry  of  lowly-onranized 
marine  animals,  chiefly  Foraminifera.  To  these  the  varied  deposits  of  tne  Tertiary 
age  were  superadded,  and  over  the  south  of  Europe,  along  a  zone  extending  from 
the  countries  bordering  the  Mediterranean  to  the  frontiers  of  China,  the  Is'ummulite 

>  The  wording  of  the  book  under  reriew  might  here  give  rise  to  an  erroneous 
idea,  which  however  we  do  not  think  the  author  intends  to  convey.  **  He  says,  **  The 
extensive  peat  mosses  ....  are  a  still  more  reoent  covering  (of  the  limestone),  and 
generally  occupy  the  positions  of  former  shallow  lakes  "  (p.  157)-  This  would  imply 
that  they  occur  resting  immediately  on.  or  forming  a  direct  covering  to  the  lime- 
stone—in  reality,  we  believe  they  never  do.  They  occupy  shallow  lake-like  depremions 
in  the  clays,  a  thin  deposit  of  calcareous  marl  with  fragments  of  sliells  marking  the 
lacustrine  deposits  at  their  base,  before  the  growth  of  vegetation  converted  the  pool 
into  a  moss,  or  bog.  We  believe  it  scarcely  possible  for  such  a  peat  moes  to  be 
formed  upon  an  xOpen  and  highly  porous  base,  such  as  the  Umestune  itself  would 
ford. 
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limestone,  the  greatest  limestone  formation  in  the  world,  was  huilt  up  mainly  of  the 
coiled  shells  of  a  special  group  of  Foraminifera,  the  Nummulites.  Throughout  this 
inconceiyably  lon^  lapse  of  time  our  island  was  more  or  less  unsubmerged.  its  surface 
being  swept  by  subaerial  waters,  and  its  strata  carried  little  by  little  into  the  adjoin- 
ing ocean,  to  form  perhaps  some  of  the  strata  which  were  being  piled  up  over  the 
ocean  bed  of  the  British  area."  ^ 

The  origin  of  the  river- valleys  next  claims  attention.  And  here  the  views  of 
Jukes,  Kamsay,  and  others  are  fully  endorsed  in  accounting  for  the  frequent 
occurrence  of  such  facts  as  that  rivers  cut  through  bold  escarpments  of  hard  rock, 
which,  at  first  sight,  would  appear  certain  to  have  barred  the  course  of  the  streams. 
It  is  thus  argued  that  the  course  of  the  river  Shannon,  the  largest  river  of  Ireland 
(where,  for  example,  it  cuts  through  the  high  ridges  marked  on  either  side  by  the 
hills  Slieve  Bemagh  and  Slieve  Arra,  through  which  gorge  it  now  flows,  apparently 
in  preference  to  taking  comparatively  much  lower  ground,  and  an  easier  course,  to 
Galwav  Bay),  is  really  due  to  the  fact  that  when  the  river  first  took  this  channel,  the 
grouna  now  forming  these  ridges  of  mountains  was  in  reality  somewhat  lower  than 
the  ground  to  the  north  of  it,  now  part  of  the  plains.  And  the  river,  having  once 
commenced  cutting  out  its  channel,  nas  never  since  abandoned  that  course,  but  has 
^ne  on  gradually  lowering  its  valley,  till  the  wide  gorge,  through  which  it  now  foams 
in  its  rapids  and  falls,  resulted.  Reasoning  of  a  similar  kind  is  applied  to  the  cases 
of  the  Blackwater,  the  Lee,  etc. ;  but  here  Prof.  Hull,  most  justly  as  we  think,  brings 
in  also  the  consideration  of  other  physical  causes,  and  argues  that  in  such  cases,  where 
not  only  do  the  rivers  cut  across  ridges  of  harder  rocks,  but,  to  do  so,  divert  their 
course  nearly  at  right  angles  to  their  general  direction,  there  must  have  been  some 
disturbance  at  or  close  to  the  point  of  divergence ;  and  in  the  two  cases  noticed  he 
appeals  to  the  existence  of  lines  of  fault  at  these  localities,  which  have  naturally  had 
a  tendency  to  divert  the  water-course.  We  are  glad  to  see  this  open  acknowledg- 
ment of  the  influence  of  such  forces,  which  have  been,  we  think,  too  much  ignored 
of  late  jears. 

Passing  over  the  notice  of  some  '*  old  dried-up  river-valleys,*'  as  the  author  calls 
some  gorges,  which  have  obviously  been  originally  cut  out  by  running  water,  but 
which  now  have  only  trifling  little  streams  trickliii^  through  them,  or  are  dry,  we 
come  to  the  Lakes  of  Ireland.  These  are  divided  into  three  classes — (1)  Lakes  of 
Mechanical  origin—  (2)  Lakes  of  Glacial  origin—  (3)  Lakes  resulting  from  Chemical 
solution.  These  lakes  in  Ireland  are  very  numerous  and  extensive,  covering  a  very 
large  area  of  the  country.  Pre-eminent  among  them  is  Lough  Neagh,  the  largest 
lake  in  the  British  Isles.  This  Mr.  Hardman^  has  shown  to  be  of  Post-Miocene  age, 
perhaps  Pre- Pliocene,  and  Mr.  Hull  adopts  the  views  of  this  valuable  paper.    They 

>  We  regret  that  we  are  compelled  to  think  that  Prof.  Hull  has  very  seriously 
ioinred  the  effect  of  this  telling  paragraph  by  the  concluding  sentences.  It  is  so 
seldom  that  we  find  any  attempt  at  what  might  be  called  forced  oratory  or  over- 
strained sentiments  in  Mr.  Hall's  matter-of-fact  writings,  that  any  departure  from 
good  taste  in  such  a  direction  makes  the  stron^^r  impression.  The  danger  of  usinff 
terms  and  expressions  derived  from  and  only  applicable  to  intellectual  beings,  and 
their  rational  acts,  in  explanation  of  inorganic  forces,  has  often  been  insisted  on, 
and  has  here  also  proved  to  be  the  origin  of  the  pseudo-scientific  and  false  analysis 
of  the  writer.  It  may  be  perfectly  true  that  part  of  the  material  removed  from  the 
sarfiioe  of  Ireland  was  thrown  down  in  the  British  area,  and  may  so  far  have  contri- 
bated  to  the  future  mineral  wealth  of  England.  But  when  he  speaks  of  Ireland 
"  stripping  herself  to  clothe  her  sister,"  **  and  to  supply  materials  for  protecting  from 
atmospheric  waste  her  vast  stores  of  Coal,  upon  which  her  f^^atness  and  prosperity 
now  so  largely  depends ; "  and  even  ffoes  on  to  exclaim  **  thu  debt  ought  never  to  he 
forgUten  '* — the  writer  only  excites  ue  smile  of  geologists  and  the  wondering  stare 
of  others.  We  should  not  wonder,  to  carry  out  the  idea  further,  if  some  of  the 
modem  Home  Rulers  would  threaten  to  bring  an  action  to  recover  compensation  for 
the  loss  incurred  by  their  country  (countless  ages  before  man  existed  at  all)  by  this 
reckless  sacrifice  to  England ;  while  on  the  other  hand  we  have  little  doubt  that  some 
of  those  who  are  now  harassed  and  vexed  by  the  obstructiveness  of  modem  patriots 
would  be  glad  to  see  a  little  continuance  of  the  former  generosity  on  the  part  of 
Ireland  towards  her  poor  sister,  in  these  sadly  degenerate  days ! !  We  cannot  too 
strongly  reprobate  such  mischievous  and  false  attempts  at  sentimentality  in  soientifio 
questions* 

*  Gbol.  Mao.  Vol.  III.  Dec.  II.  p.  566;  Jonm.  Roy.  Geol.  Soc.  Irel.  vol  iv. 
p.  170. 
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think  the  river,  which  flows  into  the  lake  from  the  Soathj  took  iti  coone  along  the 
general  depression  caused  hy  a  distorhance  of  the  great  Miocene  hasaltic  iheeti,  and 
which  general  depression  or  hottom  of  the  hadn  of  the  Tolcanic  country  haa  been 
already  noticed ;  and  was  pent  up  into  a  lake  by  some  of  the  fanlta,  which  croes  the 
area  of  the  lake,  and  some  of  whidi  haye  considerable  downthrow  to  tiie  north, 
corresponding  in  position  with  the  greatest  depth  of  the  lake.  This  older  lake  was, 
as  already  noticed,  of  much  greater  siae  than  the  present  one— which  has  gradually 
retreated,  as  its  barrier  was  worn  down.  The  lake  therefore  is  considered  to  M 
chiefly  a  basin  of  submer^ce  formed  by  the  mechanical  action  of  faults  in  the 
strata  forming  its  bed.  Although  it  is  said  that  this  origin  of  Lough  Nea^h  is 
*  wholly  exceptional'  (n.  198),  hough  Allen  seems,  according  to  tiie  author's  Tiews, 
to  be  due  to  very  similar  causes.  This  noble  lake  forms  a  great  reaenroir  for  the 
head-waters  of  the  Shannon.  It  fills  a  wide  Talley,  the  banks  of  which  are  formed 
of  ike  Toredale  rocks  and  the  floor  of  Carboniferous  lamestone,  and  the  formation  of 
the  lake  is  attributed  to  the  production  of  a  barrier  across  ito  lower  end  by  a  larce 
fault,  heading  £.  20''  N.,  with  a  downthrow  to  the  north.  This  fanlt  brings  the 
Carboniferous  Limestone  on  that  side  down  against  the  Silurian  and  Old  Bed  rocks, 
and  has  thus  had  precisely  the  same  effect  which  an  artificially  raised  barrier  would 
have  in  converting  the  river-valley  above  into  a  lake.  This  barrier  has  been  con- 
siderably worn  down  and  lowered  since  its  formation,  but  it  ^1  retains  a  relatiTO 
elevation  as  compared  with  the  fioor  of  the  lake,  and  so,  of  course,  the  lake  remaina. 
There  is  no  distinct  evidence  of  the  age  of  this  faulting,  but  tiie  author  points  out 
that  its  direction  is  very  similar  to  the  direction  of  t^e  faults  which  have,  as  stated, 

S reduced  Lough  Neagh.  And  he  thinks  it  not  improbable  that  it  was  really  pro- 
uced  about  the  same  epoch— that  is,  between  the  Miocene  and  Pliocene. 
With  regard  to  lakes  of  Glacial  origin,  there  are  said  to  be  two  ways  in  which 
these  forces  have  acted:  I.  by  actudly  scooping  out  rock-ba^ns,  ana  2.  by  de- 
positing moraines,  heaped  up  across  a  valley  or  hollow,  and  thus  pending  up  the 
waters  of  the  stream  flowing  along  the  depression  above.  Of  both  these  varieties 
numerous  instances  occur  in  Ireland,  though  none  of  any  g^^at  size.  In  places  they 
form  regular  networks  of  little  loughlets  and  rock-basins.  The  author  also  thinks 
that  the  wide  shallow  lakes  of  the  central  plain  of  Ireland  owe  much  of  their  extent 
and  form  to  the  action  of  ice,  although  they  are  principally  due  to  another  cause. 
After  'giving  several  well-marked  cases  of  moraine-dammed  lakes  (Lough  Bray, 
Lough  Nuhanagan,  etc  },  he  passes  to  lakes  of  Chemical  origin.  To  enumerate  all 
the  lakes  of  the  great  central  plains  of  Ireland  would  be  a  useless  waste  of  space. 
All  have  one  common  character,  they  are  all  irregular  hollows  and  depressions  in  the 
general  limestone  floor,  now  filled  with  water,  and  these  depressions  and  hollows  are 
principally  due  to  the  solvent  action  of  the  water  on  the  limestone  rapidly  eating 
into  it,  and  removing  it  in  solution.  Some  of  these  lakes  are  intimately  connected 
with  large  underground  rivers,  the  channels  of  which  have  been  in  a  similar  way 
dissolvea  out  of  the  limestone.  These  give  rise  to  lakes  and  fountains,  the  true 
source  of  which  Is  often  not  traceable  at  first.  Similar  forces  of  solution  and  denu- 
dation have  in  many  cases  produced  the  deep  indentations  which  abound  round  ihe 
coasts  of  Ireland,  in  the  limestone  districts,  and  which,  subsequently  filled  with 
glaciers  and  scored,  and  scooped  out,  passed  into  the  state  of  **  fiords.** 

The  third  part  of  Prof.  Hull's  worlc  is  devoted  to  the  "  Glaciation  of  Ireland.** 
And  here  we  would  first  direct  attention  to  the  very  eff'ective  and  well-executed  little 
map  of  the  "  General  Glaciation  *'  which  is  given.  It  is  an  admirable  example  of 
how  much  can  be  compressed  into  a  small  space  with  perfect  le^bility  and  clearness. 
Starting  with  the  assumption  that  it  has  been  generally  recogmzed  that  the  surface 
of  the  solid  rocks  of  Ireland  is  widely  and  extensively  glaciated,  and  that  an  **  ice- 
sheet"  covered  the  greater  portion  of  the  country,  Pirof.  Hull  bears  willing  and 
just  testimony  to  the  value  of  the  labours  of  the  Rev.  Maxwell  Close,  and  proceeds 
to  discuss  the  essential  differences  between  General  glaciation  and  Local  glaciation, 
one  being  antecedent  to  the  other,  and  of  much  wider  extent.  Then  adopting  this 
division  of  the  subject,  he  notices  each  separately,  both  being  said  to  *'havc  left  their 
traces  on  the  rock-surfaces  in  the  form  of  polish^  and  moulacd  bosses,  scars,  delicate 
chisellings,  or  deep  groovings  often  intersecting  each  other  at  various  angles,  and 
requiring  care  ana  some  amount  of  general  Imowledge  of  their  causes,  in  order 
to  distinguish  to  which  period  of  glaciation  they  belong"  (la.  212).  Mapping  out 
the  lines  of  scoring  at  the  bottom  of  the  Lower  Boulder-cTay  has  detenmned  the 
general  nature  of  the  ice-movement,  and  has  shown,  as  our  author  believes,  that  ilt 
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^  belongs  to  one  grand  dominant  aystem  of  central  preflsure,  which  has  cansed  the 
ice  to  moTe  outwards  in  all  directions  from  a  central  snow-field  towards  the  existing 
cotflti,  except  where  impeded  or  deflected  by  local  mountain  barriers."  After  point- 
ing out  the  reasons  for  admitting  that  such  markings  were  caused  by  ice-borne 
materials,  and  the  several  indications  afforded  by  poushed  rocks,  'crag  and  tail' 
forms,  boulders,  and  their  positions,  of  which  numerous  instances  are  given,  ^  he 
proceeds  to  discuss  the  laws  regulating  the  movements  of  this  ^eat  ice-sheet,  "  of 
the  existence  of  which  there  can  be  no  doubt  whatever."  He  pomts  out,  and  adopts 
entirely  the  conclusions  of  Mr.  Close,  that  the  movements  of  this  ice-sheet  have 
proceeded  in  opposite  directions  seawards,  from  a  line  or  tract  of  country,  stretching 
m  a  belt  across  the  island,  occupying  the  country  between  Lou^h  Corrib  and  Lough 
Mask  on  the  west  and  Lough  Neagh  on  the  east,  thus  stretchmg  for  a  distance  of 
more  than  one  hundred  miles  from  W.S.W.  to  E.N.E.,  from  which  tract,  as 
from  an  axis  of  motion,  the  ice  has  passed  both  north  and  south.  The  position 
of  this  supposed  axis  is  well  shown  on  the  little  glaciation  map  to  which  we  referred. 
This  very  remarkable  conclusion  of  Mr.  Close  is  particularly  noticed  as  differing 
from  what  is  already  known  in  any  part  of  the  worla  with  which  we  are  acquainted. 
In  every  other  known  case  of  such  distribution  of  glacial  motion  from  an  axis  or 
centre,  those  centres  have  been  districts  of  greater  elevation  than  the  country  adjoin- 
ing. The  Alps,  the  Pyrenees,  the  great  elevated  Scandinavian  highlands,  the 
Snowdon  range  in  Wales,  the  Cumberland  and  Westmoreland  ranges  in  England,  the 
Grampians  and  the  Southern  highlands  in  Scotland,  are  all  well-known  instances  of 
this.^  But  in  L^land  no  part  of  the  axis  of  movement  is  more  than  400,  or  at  the 
oatade  500  feet,  above  the  sea-level,  while  it  is  stated,  as  a  positive  and  admitted 
fact,  that  from  this  an  ice-sheet  has  been  set  in  motion,  which  has  not  only  topped 
and  completely  passed  over  such  little  minor  obstacles,  as,  for  example,  the  Coal-nelds 
of  Castlecomer,  etc.,  which  rise  to  700  feet,  but  has  overrun  hills  of  more  than 
1000,  or  even  1500  feet,  and  has  been  forced  up  the  flanks  of  higher  mountains  to 
•till  greater  elevations.  It  is,  therefore,  only  right  that  the  propounders  of  such  a 
theory  should  endeavour  to  explain  the  actions  which  took  place.  Mr.  Close 
foggested  that  the  country  had  been  more  elevated  over  the  land  now  occupied  by 
the  counties  of  Mayo  and  Roscommon  than  more  to  the  south  and  east.  But  Prof. 
Hull  rejects  this  as  quite  an  insufficient  cause,  inasmuch  as  the  movement  has  not 
taken  place  merely  from  a  central  point,  or  from  the  western  end  of  the  axis  alone, 
hot  alon^  a  line  of  more  than  100  miles.  And  he  has  no  hesitation  in  suggesting  at 
once  a  different  explanation.  He  says  ^.  229),  **  Is  it  not  conceivable  that  the  line 
of  country  here  described  was  at  the  earliest  glacial  period  the  region  of  greatest 
mowfall — the  region  of  g^atest  precipitation  of  snow,  as  it  is  now  that  of  greatest 
precipitation  of  rain  P  "  '  He  supposes  that  the  snows  were  piled  up  over  this  belt  of 
eoontry  to  an  'enormous*  depth,  and  to  a  less  extent  over  the  tracts  lying  to  the  south 
and  east,  until  the  vertical  pressure  of  '  thousands  of  feet  *  of  snow  and  ice  there 
accumulated  was  converted  mto  a  lateral  pressure,  forcing  the  ice  to  move  in  a 
direction  towards  the  points  where  it  could  nnd  an  outlet.  After  expressing  his  con- 
fident belief  that  the  vertical  pressure  of  this  *  enormous*  pile  of  ice  and  snow 
Kve  the  first  initial  movement  to  the  ice-sheet,  both  southwards  and  westwards, 
of.  Hull  still  confesses  that  we  are  obliged  to  have  recourse  to  other  modes  of 
explanation  of  the  facts  that  this  motion  has  been  pro{>agated  to  upwards  of  one 
hnndred  miles  from  its  source,  and  that  it  has  caused  the  ice  to  move,  not  only  over 
plains,  but  up  the  sides  of  opposing  hills  and  ridges.  And  to  this  end  he  is  disposed 
to  adopt  a  development  of  Charpentier*s  dilatation  theory,  as  explained  by  Dr.  CroU. 
This,  m  general,  is,  that  the  internal  pressure  resulting  from  the  solidifying  of  the 
finid  particles  of  water  which  has  fiUra  the  interstices  of  the  ice,  acts  on  ttie  mass 
at  an  expanding  force  tending  to  cause  the  glacier  to  widen  out  laterally  in  all  direc- 
tikmay  and  the  author  adds — "  to  move  with  a  linear  motion  in  the  line  of  least 
renataace/*  but  he  does  not  attempt  to  show  that  the  direction  of  motion  of  the  ice- 

^  We  do  not  observe  any  notice,  among  the  detailed  descriptions  of  the  drift  deposits 
of  Ireland,  of  the  important  fact  of  the  oooarrenoe  of  pieces  of  the  compact  Cfreta- 
eeona  limestone  df  the  N.fi.  of  Ireland  in  the  clays  of  the  South  of  Irelaiid,  even  so 
hg  soatb  as  the  County  of  Cork. 

*  The  writer  adds  most  naively  in  a  note,  **  Of  this,  however,  I  have  no  positive 
proof,"  no  general  returns  of  rainfidl  being  available,  but  he  says,  '*  I  have  little 
dodt>t  that  &  is  the  case.*' 
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•keei,  as  rappoaed  to  be  proved  by  the  scorings,  etc.,  would  be  that  line  of  least 
"•M*»nce,  A  large  mass  of  details  of  these  scorings  is  given,  filling  more  than 
tweatf  para^bat  these  the  student  must  consult  for  himself.  The  thickness  of  the 
gw«t  loe-sheet  is  held  to  have  been  at  least  1000  feet,  probably  much  more. 

The  existence  of  local  centres  for  glaciers  towards  the  close  of  the  glacial  period, 
y^  the  anhmereence  of  the  plains  and  the  general  re-emergence  of  the  land  again, 
is  tlictt  noted  ana  some  details  given ;  and  the  volume  then  concludes  with  a  very 
brief  chapter  *•  connecting  the  pre-human  with  the  present  age,"  a  chapter  which  in 
fiiUure  editions  we  hope  to  see  vastly  extended. 

In  reviewing  tne  author's  coDclusions  as  a  whole,  there  are  only 
a  few  points  which  appear  to  call  for  any  special  notice.  One  of 
theee  is  the  much  greater  prominence  which  Mr.  Hull  has  given 
U>  the  agency  of  chemical  solution,  in  the  production  of  physical 
faults,  than  has  heen  generally  acceded  to  it  In  a  country  where 
limeetone  originally  formed  such  a  very  large  portion  of  the  exposed 
surface,  it  was  only  natural  to  find  evidence  on  a  great  scale  of  this 
iiction,  and  we  gladly  direct  attention  to  the  valuable  observations 
of  the  author  on  this  point  In  another  direction  also,  that  is,  in 
the  fuller  application  of  the  effects  of  terrestrial  disturbances  as 
causes  of  the  present  physical  features  of  the  country,  we  think  the 
author's  views  worthy  of  commendation.  There  has  been  of  late 
years  too  great  a  tendency  to  push  to  extremes  the  application  of 
some  pet  theories,  till  almost  the  very  existence  of  other  forces  has 
been  ignored — and  we  are  glad,  therefore,  to  see  the  influence  of 
fetults,  and  of  deepseated  disturbances,  again  appealed  to,  and 
restored  to  its  legitimate  position  in  the  sequence  of  formative  causes. 
The  wide  application  of  ice  forces  in  their  varied  exhibition  was  of 
course  to  be  expected.  The  pages  of  this  journal  for  years  have 
been  so  filled  with  valuable  and  detailed  contributions  to  these 
inquiries,  that  our  readers  are  fully  prepared  to  admit  the  importance 
of  this  branch  of  geological  research,  and  to  accept  many  of  the 
conclusions  which  have  been  adopted.  But,  at  the  same  time,  the 
very  nature  of  many  of  these  contributions  to  which  we  have  re- 
ferred suggests  to  every  sound  thinker,  as  we  believe,  the  necessity 
for  great  caution  and  watchfulness  before  admitting  any  new  hypo- 
thesis, however  boldly  or  dogmatically  it  may  be  propounded,  either 
as  a  speculation,  or  possibly,  even,  as  a  fact;  for  there  are  many  cases 
in  which  this,  too,  has  been  done.  In  the  analysis  of  the  author's 
views  which  we  gave  above,  we  have  endeavoured  to  state  them 
with  clearness  and  sufficient  fullness  to  make  them  intelligible,  pre- 
ferring to  leave  them  for  the  most  part  as  the  opinions  of  the  writer 
only,  and  not  to  discuss  them  as  geological  views  or  doctrines. 
But  we  would  not  be  justified  in  altogether  passing  over  in  this 
way  some  of  these  views.  With  reference  to  the  "  General  Glacia- 
tion  of  Ireland,"  a  conclusion  worked  out  by  the  Rev.  M.  Close,  as 
to  the  axis  or  origin  of  motion  of  the  ice-sheet  over  the  island  at 
the  earlier  part  of  the  great  glacial  period,  is  unhesitatingly  adopted 
by  our  author ;  and  he  proceeds  at  once  to  propound — and  in  terms 
which  lead  his  reader  to  suppose  that  the  whole  thing  was  obvious 
^o  the   smallest  consideration — a  solution  of  this  anomaly.      He 

B poses  that  snow  and  ice  were  heaped  up  over  a  belt  of  low 
md  extending  more  than  100  miles  in  length,  and,  say,  ten  in 
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breadth — to  an  ^  enormous '  extent,  '  thousands  of  feet  *  in  depth, 
eta,  80  as  to  give  the  pressure  which  he  thinks  needful  to  have 
originated  this  general  outward  motion  in  both  opposite  directions 
from  this  axis.  We  should  greatly  have  wished  that  he  had  given 
us  some  idea  of  the  actual  physics  of  such  a  heap  of  snow,  '  thou- 
sands of  feet '  in  depth,  perfectly  unsupported  on  either  side  by  any 
more  solid  materials — or  had  shown  the  probability  even  of  this 
extreme  accumulation  which  he  supposes  to  have  taken  place  over 
this  belt  of  country,  ever  amounting  to  such  a  differential  excess  as 
to  give  him  the  required  depth  of  ioe.^ 

But  is  this  idea  of  Mr.  Close's  so  thoroughly  established  that  we 
are  driven  to  the  region  of  wild  fancy  to  attempt  an  explanation  of 
it?  An  immense  mass  of  detail  is  referred  to  by  Prof.  Hull  in 
evidence  of  this  supposed  movement  of  the  ice-sheet  (pp.  236-259), 
but  all  this  evidence  must  be  carefully  analysed  before  we  can 
admit  its  conclusiveness.  And  the  author  must  permit  us  to  doubt, 
and  to  doubt  very  seriously^  if  a  great  part  of  it  is  applicable  to  the 
point  at  issue  at  all.  He  himself,  and  equally  every  other  writer  of 
these  glacial  theories,  insists  on  the  necessity  for  '  experience,'  and 
a  certain  knowledge  of  the  causes  of  these  markings,  scorings, 
polishings,  etc.,  appealed  to  as  evidence  of  the  movement,  before  the 
observer  can  appreciate  their  force  or  value.  And  firstly  it  is  urged 
that  in  such  matters  we  should  take  our  lessons  from  the  existing 
centres  of  glacial  action,  such  as  the  Alps,  Norway,  and  Greenland. 
How  far  has  this  been  done  ?  How  many  of  the  dozens  of  observers, 
whose  notes  have  been  culled,  have  studied  these  glacial  phenomena 
in  their  existing  centres?  How  many  have  been  capable  of  dis- 
tinguishing, or  have  attempted  to  distinguish, — or  have  even  known 
the  necessity  of  such  an  attempt, — marks  of  local  glaciation  from 
those  due  to  the  supposed  general  movement  ?  And  if  the  whole 
mass  of  evidence  adduced  be  subjected  to  such  a  searching  analysis, 
how  far  will  this  idea  of  a  linear  axis  of  motion  remain  established  ? 
We  confess  we  hesitate  much  before  we  can  admit  it.  Our  author 
himself  adds  greatly  to  our  feeling  of  the  necessity  for  great  caution 
in  such  matters.  In  this  way  (at  p.  115),  speaking  of  ''River 
Terraces,"  the  most  recent  of  the  "  Drift "  deposits,  he  says  : — 

"  Of  these  the  most  remarkable  and  interesting  from  its  historical  and  architec- 
tmal  associations  is  the  terrace  at  the  lower  end  of  Glendalongh,  at  its  confluence 
with  the  Tale  of  Glcndasan,  upon  which  stands  the  Round  Tower,  and  the  Church  of 
St.  Kevin.  This  terrace  is  composed  of  stratified  gravel  of  rounded  pebbles  and 
mid  hanked  up  against  an  old  moraine  which  has  been  thrown  across  the  valley. 
The  upper  surface  is  level  and  it  rises  about  twenty  feet  above  the  bed  of  the  Glen- 
ealo  Btver." 

Now  if  we  turn  to  p.  197,  we  find  that — 

*'  After  careful  examination  I  have  also  come  to  the  conclusion  that  the  Round 
Tower  and  Churches  of  Glendalough  are  built  on  a  moraine,  which  has  been  thrown 

^  Old  Procopius  held  that  on  the  tops  of  high  mountains  there  never  fell  either 
ow  or  rain,  because  they  are  above  the  highest  clouds ! !    Bacon,  in  one  of  his 


'onderfally  sententious  passages,  says,  *'  Adulterina  res  est  in .  scientiis  prsecocem 
.jse  et  promptum,  nisi  etiam  solidus  sis  et  multipHciter  instructus.*' — Be  Augm, 
8cimt,j  fib.  T.  cap.  v. 
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across  the  Glendalongli  valley  by  the  g^lacier  that  descended  the  vale  of  Glendasan. 
This  moraine  had  originally  pent  up  the  waters  of  the  lakes,  and  against  its  northern 
flank  the  old  terrace  of  gravel  (described  in  another  page)  has  been  deposited. 
Aiterwiada  the  river  cut  down  its  channel  and  lowered  the  level  of  the  waters.  In 
this  view  Professor  Ramsay  concurs." 

Here  the  question  naturally  ooours — Is  the  Bound  Tower  and  are 
the  **  Seven  Churches  "  at  Glendalough  really  built  on  a  moraine,  or 
on  a  river  terrace  ?  Nothing  is  more  probable  than  that  a  terrace — 
not  however  a  river-terrace — should  have  been  deposited  against  the 
flank  of  a  moraine  damming  up  a  lake.  But  this  is  not  the  point 
here.  If  in  so  accessible,  and  so  easily  examined  and  well-marked 
a  locality  as  Glendalough,  it  required  careful  re-examination,  and  the 
aid  of  Prof.  Bamsay,  to  find  out  that  the  foundation  of  the  Hound 
Tower  was  placed,  not  on  a  river-terrace,  nor  even  on  a  terrace,  but 
on  a  moraine  (the  two  being  of  totally  different  ages,  and  due 
to  totally  different  causes),  we  are  compelled  to  think  that  there 
must  still  hang  a  thick  mist  of  doubt  and  uncertainty  over  very 
many  of  the  thousands  of  observations  of  glaciation  phenomena 
which  have  been  recorded.  Nor  is  it  within  the  just  limits  of  ex- 
pectation to  hope  that  we  shall  find  every  one  as  open  to  conviction, 
and  as  ready  to  acknowledge  error,  as  Prof.  Hull  has  shown  himself 
to  be.  Until,  however,  these  doubts  be  removed,  we  can  have  no 
knowledge  of  the  facts — for,  as  the  Stagynte  says,  ''knowledge  is 
the  solution  of  doubts." 

We  have  felt  the  want  ourselves,  and,  therefore,  do  not  hesitate 
to  notice  it,  as  it  possibly  may  be  supplied  in  future  editions,  of  a 
little  more  aid  to  the  imagination  of  the  reader,  by  appeals  to  his 
eye.  ITie  general  features  and  scenery  of  parts  of  Ireland  are 
familiar  enough  to  many,  but  even  of  those  who  know  such  scenery 
in  detail,  how  few  have  realized  the  general  character  of  the  outline, 
or  its  essential  dependence  on  the  structure  of  the  rocks  below. 
Qeologists  will  remember  gratefully  the  vast  aid  which  they  derived 
in  framing  a  general  conception  of  the  S.E.  of  Ireland  from  the 
admirable  panoramic  sketches  of  Weaver  (Trans.  Geol.  Soa  Lond. 
1st  series,  vol.  v.).  But  we  would  refer  to  far  more  recent^  and  far 
less  costly,  illustrations  of  this  kind  in  the  many  valuable  publica- 
tions of  the  Geological  Survey  of  the  United  States  Territories 
under  Prof.  Hayden.  Some  of  these,  though  almost  pure  outline, 
convey  the  most  wonderfully  clear  and  accurate  idea  of  the  structure 
of  the  country  represented,  and  of  the  intimate  dependence  of  its 
physical  features  on  that  structure.  And  if  a  few  such  general 
outlines  of  the  more  marked  centres  of  interest  in  Irish  scenery 
and  Irish  geology  could  be  given,  we  have  no  hesitation  in  thinking 
that  the  book  would  commend  itself  to  a  far  wider  circle  of  readers 
than  it  is  likely  at  present  to  command. 

The  British  Association  meet  in  the  capital  of  Ireland  in  the 
coming  autumn,  and  there  is  every  prospect  that  a  large  concourse 
of  visitors  will  then  be  attracted  in  addition  to  the  ordinary  crowd 
of  visitors.  The  well-known  and  generally  appreciated  hospitalities 
of  Dublin,  the  loveliness  of  the  scenery  of  the  country,  and  the 
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facilities  afforded  for .  numerous  excursions,  will  all  offer  in- 
dnoements  to  the  hundreds  of  strangers  who  will  then  visit  the 
"  Land  of  the  Oiant  Deer,  and  the  Qiant's  Causeway."  And  to 
each  and  every  one  of  these  we  would  say,  Make  yourself  acquainted 
with  the  facts  detailed  in  Prof.  Hull's  "Physical  Greology  and 
G^graphy  of  Ireland,"  and  so  well  acquainted  that  you  can  realize 
those  facts,  and  be  able  to  trace  the  broad  features  in  the  succession 
of  events  which  have  produced  the  present  features  of  the  country. 
Then,  whether  you  tarry  in  pleasant  dalliance  over  the  lovely 
scenery  of  Eilliney  and  Bray,  or  stray  in  softened  mood  among  the 
richly  wooded  beauty  of  the  Dargle  or  Ovoo6^  or  seek  the  wilder 
loneliness  of  some  of  the  more  distant  glens  of  Wicklow  or  Qalway, 
and  stand  awestruck  and  silent  before  the  deeper  secrets  of  Nature's 
revealing,  or  whether  you  visit  "  that  most  delightful  spot  in  the 
British  Isles,"  and  contrast  the  luxuriant  fertility  and  astounding 
richness  of  colouring  of  the  lakes  and  islets  and  woods  of  Eillamey 
with  the  weird  savageness  of  the  Gap  of  Dunloe,  or  the  lonely  gloom 
of  the  Black  Valley,  you  will  derive  a  deeper  and  a  more  lasting 
impression  of  the  beauties  of  all,  if  you  bring  to  this  examination 
a  previous  acquaintance  with  the  general  causes  of  all  the  varied 
features  of  the  country,  and  with  the  history  of  the  successive  steps 
in  their  production.  And,  in  this  view,  we  confidently  hope  that 
Prof.  Hull's  excellent  summary  will  prove  remarkably  well  timed 
and  successful. 


Geolooigal  Sooikty  of  London. — I.— February  6,  1878. — Prof. 
P.  M.  Duncan,  M.B.,  F.R.S.,  President,  in  the  Chair. —The  following 
oommunications  were  read  : — 

1.  '*  On  some  Foraminifera  from  Pleistocene  Beds  in  Ischia."  ^7  ^>  Ernest 
Vanden  Broeck.   Preceded  by  some  geological  remarks  by  A.  W.  Waters,  Esq.,  F.G.8. 

In  this  note  Mr.  Waters  referred  to  certain  fossilifcrous  deposits  occurring  at 
Tariona  elevations  in  the  island  of  Ischia,  the  oldest  being  a  clay  found  up  to  1800 
feet  on  Monte  Buceto,  whilst  the  others  may  be  classed  with  raised  beaches.  These 
depoeits  have  been  already  noticed  by  Sir  Charles  Lyell,  who  obtained  from  them 
twenty-eight  species  of  shells,  all,  with  one  exception,  identified  by  Deshayes  with 
reeent  species.  M.  Fonseca  has  given  a  list  of  ten  species  of  shells  from  the  Buceto 
beds,  and  to  these  Mr.  Waters  aas  added  ten  more,  all  now  living  in  the  neigh- 
bouring sea.  A  portion  of  marl  forming  the  matrix  of  one  of  these  shells  was  sent 
by  Mr.  Waters  to  M.  Vanden  Broeck.  who  found  in  it  twenty-seven  species  of 
roruninifera,  with  respect  to  which  he  remarks  that  this  fauna  has  a  more  recent 
&cie0  than  that  of  the  true  Subapennine  deposits,  all  the  species  being  now  living 
other  in  the  North  Atlantic  or  Arctic  Ocean,  and  nearly  all  in  the  Mediterranean. 
The  presence  of  Lngena  and  of  some  other  forms,  however,  indicates  closer  relations 
with  the  northern  oceanic  fauna  than  with  that  of  the  warmer  Mediterranean.  The 
Foraminifera  from  Ischia  are  generally  of  small  size,  probably  indicating  unfavour- 
able conditions.  The  deposit  containing  them  was  probably  formed  in  not  very  deep 
water,  and  more  recent  than  the  true  Subapennine  deposits ;  and  the  small  size  of 
moat  of  tiie  specimens,  and  the  predominance  of  northern  forms,  would  seem  to  show 
thai  tiie  deposit  took  place  when  the  refrigerating  influence  of  the  glaciers  was 
beginning  to  be  felt. 

2.  "  On  the  Influence  of  the  Advent  of  a  Higher  Form  of  Life  in  modifying  the 
dnictore  of  tn  older  and  lower  Form."    By  Professor  Owen,  C.B.,  F.B.S.,  F.G.S. 
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In  thiB  paper  the  author,  after  referring  to  the  general  question  of  the  modification 
of  the  structure  of  or^^c  forms  produced  by  the  action  of  external  influences,  indi- 
cated that,  in  connexion  with  this,  changes  in  the  nature  of  the  prey  of  camiTorou^ 
animals  ought  to  be  taken  into  consideration.  He  inferred  that  cold-blooded  aquatic 
animals  formed  a  much  greater  proportion  of  the  food  of  Mesozoic  than  of  Neozoic 
Crocodiles,  and  pointed  out  as  connected  therewith  the  well-marked  distinction 
between  the  ampbicoelian  and  proccelian  type  of  vertebr®  respectively  characteristic 
of  the  two  groups.  The  proccelian  character  of  the  trunk-Tertebrffi  better  adapts 
that  part  of  the  body  to  be  sustained  and  moved  in  air,  and  may  be  connected  with 
the  incoming  in  Tertiary  times  of  mammalian  prey  inducing  the  Crocodiles  to  rush 
on  shore.  The  Mesozoic  Crocodiles  were  encased  in  a  much  stronger  and  more  com- 
plete dermal  armour  than  their  successors,  doubtless  for  their  nrotection  from  the 
great  Ichthyosaurs,  Pliosaurs,  etc.,  which  coexisted  with  them ;  out  as  these  passed 
away  at  the  close  of  the  Secondary  epoch,  the  armour  of  the  proccelian  Crocodiles 
has  become  more  scant;^,  and  the  diminution  of  weight  and  ri^dity  thus  caused  would 
favour  progression  in  air,  and  the  rapidity  of  movement  required  tor  capturing  mam- 
malian prey  on  land.  The  difference  in  the  position  of  the  palato-nares,  and  in  other 
related  gular  and  palatal  structures,  between  the  Mesozoic  and  Neozoic  Crocodiles,  is 
apparently  connected  with  the  power  possessed  by  the  latter  of  holding  submerged  a 
powerful  mammal  without  permitting  the  access  of  water  to  the  posterior  nostrils  and 
windpipe  of  the  Crocodile ;  and  hence  the  author  is  inclined  to  ascribe  a  flsh-dict 
even  to  those  massive-jawed  Crocodiles  from  the  Purbeck  Tsuch  as  Ooniopholia  evaut- 
dent  and  aimus),  which  in  some  respects  might  seem  fittea  to  grapple  with  large  and 
active  mammals.  The  small  size  of  the  upper  temporal  apertures  in  Tertiary  and 
existing  Crocodiles  is  regarded  by  the  author  as  a  further  proof  in  the  same  direction ; 
these  apertures  are  reduced  by  the  progressive  increase  of  the  osseous  roof  of  the 
temporal  vacuities,  which  again  is  correlated  with  increase  in  the  bulk  and  power  of 
the  temporal  muscles,  the  main  agents  in  biting  and  holding.  The  differences  in  tlie 
length  and  strength  of  the  jaw,  as  a  rule,  testify  in  the  same  direction.  Further, 
the  fore-limbs  in  Mesozoic  Crocodiles  are  shorter  than  in  Neozoic  species,  indicating 
that  the  former  were  more  strictly  aquatic  io  their  habits;  the  fore-limbs  in  aU 
Crocodiles  being  closely  applied  to  tne  body  during  rapid  swimming,  and  small  limbs 
being  less  obstructive  than  larger  ones.  On  the  other  hand,  they  would  be  less 
efficient  as  a  means  of  progression  on  land,  and  hence  it  may  be  inferred  that  the 
advent  in  Tertiary  times  of  mammals  frequenting  the  water-side,  tempting  the 
Crocodiles  to  make  a  rush  upon  the  land  to  seize  such  passing  prey,  would  lead  to 
such  strenuous  action  of  the  fore-limbs  as  would  account  for  the  increased  size  and 
power  of  those  organs  in  the  Neozoic  species.  The  author  concluded  with  some 
remarks  upon  the  influence  of  the  above  considerations  upon  out  views  as  to  the 
generic  divisions  of  Crocodiles. 

3.  '*  Notes  on  a  Crocodilian  Jaw  from  the  Coral  Rag  of  Weymouth."  By  E. 
Tully  Newton,  Esq.,  F.G.S.,  of  H.M.  Geological  Survey. 

In  this  paper  the  author  described  what  he  believes  to  be  a  fragment  of  the  lower 
jaw  of  a  Crocodilian,  obtained  from  a  greyish  brown  sandy  grit,  probably  belonging 
to  bed  3  of  Messrs.  Blake  and  Hudlestou's  Sandford-Castle  section.  The  specimen 
measures  about  1 1  inches  long,  and  includes  portions  of  both  rami.  The  right  ramus 
contains  the  remains  of  12  alveoli,  some  of  which,  notably  the  first,  second,  fourth, 
and  fifth,  contain  fragments  of  teeth,  which  appear  to  have  been  directed  vcrj- 
obliquely  outwards  and  forwards.  The  portion  of  the  left  ramus  preserved  give's 
indications  of  14  or  15  teeth.  An  impression  of  a  tooth  in  the  matrix  gives  a  length 
of  1|  inch  for  the  crown  of  the  larger  teeth  ;  their  section  was  nearly  roimd;  but  a 
young  unused  tooth  is  slightly  compressed,  with  a  distinct  ridge  running  down  each 
side  and  two  smaller  ridges  on  the  inner  surface.  The  general  surface  of  the  crown 
was  covered  with  fine  but  distinct  longitudinal  ridges.  The  median  area  has  a  spindle- 
shaped  portion  separated  from  the  rest  by  deep  grooves,  the  surface  of  which  is  longi- 
tudinally grooved ;  and  this  character,  according  to  the  author,  does  not  occur  in 
either  of  the  genera  mentioned  by  M.  Deslongchamps. 

4.  "  Note  on  Two  Skulls  from  the  Wealden  and  Purbeck  Formations  indicating  a 
new  Subgroup  of  Crocodilia."     By  J.  W.  Ilulke,  Esq.,  F.R.S.,  F.G.S.         ^ 

The  author  described  a  Crocodilian  skull  obtained  by  Mr.  H.  Willett,  F.G.S. , 
from  the  Hastings  Sands  near  Cuckfield,  in  Sussex,  and  iaentified  by  that  gentleman 
with  OaniopholU  crataidentf  Owen  ;  and  another  from  the  PurbecKS  near  Swanage, 
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-IB  tke  ooDectioii  of  the  British  Miueiim ;  which  he  farther  eompared  with  a  third 
^eeimen  from  Brook,  in  the  Isle  of  Wight.  He  had  little  doubt  that  Mr.  Willett's 
ipeeiiiieii  had  been  correctly  identified,  and  thooffht  it  and  the  Brook  sknll  were 
vrobably  specifically  identical.  All  these  skulls  belong  to  a  eroup  intermediate 
oetween  the  Mesosuchia  and  Eusuchia  of  Prof.  Huxley.  In  the  constitution  and 
position  of  the  palato-nares  they  most  nearly  resemble  Meiricrkynehtu  Blninvtllii^ 
l)esl.,  among  the  Mesosuchia.  .  The  general  contour  of  the  skull  resembles  that 
preralent  in  the  typical  Crocodiles,  such  as  Croeodiius  rhombifer.  In  the  arrest  of 
the  nasal  bones  short  of  the  anterior  nares  they  rather  resemble  Oavialit,  and  still 
more  the  Bomean  Ehyneho*uchu9  Sektgelii,  as  also  in  the  form  of  the  nalato-nares. 
From  the  combination  of  characters  presented  by  these  Crocodiles  (which  the  author 
regards  as  representing  two  species  of  Ooniophoiis)  and  their  geoloncal  a|ge,  the 
airthor  proposes  to  place  tiiem  in  an  intermediate  subgroup,  which  may  oe  designated 
Meta-lAesosuchia.  

n. — Akmual  Oxnxbal  Mxxtino. — Febraary  15th,.  1878. — Prof. 
P.  Martin  Duncan,  M.B.,  F.R.S.,  President,  in  the  Chair. 

The  Secretaries  read  the  Reports  of  the  Council  and  of  the  Library  and  Museum 
Oommittee  for  the  year  1877.  The  Society  was  described  as  in  an  exceedingly 
prosperous  condition,  and  the  income  of  the  year  was  stated  to  have  considerably 
exceeded  the  expendituro.  The  number  of  Fellows  elected  was  fully  up  to  the 
Vfenfje,  The  Keport  further  announced  the  receipt  of  a  bequest  of  £500  under 
the  will  of  the  late  C.  Lambert,  Esq.,  which  sum,  with  £150  of  the  surplus  of  income, 
had  been  invested  in  Consols  for  the  benefit  of  the  Society. 

In  presenting  the  WoUaston  Gold  Medal  to  Dr.  Thomas  Wright,  F.R.S.,  F.G.S., 
tiie  President  addressed  him  as  follows : — 

Dr.  Wright, — It  gives  me  very  great  pleasuro  to  present  this  Medal  to  you,  and 
to  know  that  your  name  will  be  enrollea  amongst  those  of  the  many  distinguished 
men  who,  like  yourself,  have  earned  this  distinction  bv  long  and  successful  laoour  in 
geologicsJ  science.  Tour  careful  paleontolog^cal  work  amongst  the  Echinodermata 
of  the  Secondary  rocks  of  England  has  been  as  interesting  and  important  to  those 
ndseontologists  who  have  foUowed  you  in  the  study,  as  your  description  of  the 
jialtese  Echinoidea.  You  have  not  only  collected,  but  have  described  carefully 
■ome  of  the  most  important  Mesozoic  corals,  and  have  clearly  distinguished  the 
tuooession  of  some  local  coral  reefs  in  the  British  area.  Tour  stratigraphical  labours 
amongst  the  Rhaetic,  Jurassic,  and  Oolitic  formations  have  led  to  excellent  results. 
Tour  classification  of  the  great  groups  of  Echinoidea  has  stood  the  test  of  time,  and 
is  still  employed ;  and  the  description  and  analysis  of  the  species,  illustrated  so 
exquisitely,  in  the  volumes  of  the  Palseontographical  Society,  aro  models  of  terse 
exactitude.  Tour  determination  of  the  correct  relation  of  the  madreporic  body  to 
the  antero-posterior  axis  of  the  Echinoid  has  been  accepted  by  nearly  every 
naturalist,  and  its  bearing  on  the  elucidation  of  the  meaning  of  the  apical  system  of 
the  SalenidsB  is  of  much  importance.  The  Council  considers  that  your  industry  and 
the  excellent  results  of  your  study  establish  your  claim  to  this  Medal,  and  I  hope 
tiiat  its  reception  vrill  not  only  stimulate  you  to  further  research,  but  will  reward  you 
lor  the  sacrifices  that  every  man  who  combines  a  scientific  and  a  professional  career 
has  to  suffer. 

Dr.  Wright,  in  reply,  said : — Mr.  President,— I  am  deeply  sensible  of  the  very 
neat  honour  the  Council  of  the  Geological  Society  has  conferred  in  awarding  me  the 
Wollaston  Medal,  and  I  beg  to  return  my  most  heartfelt  thanks  for  their  apprecia- 
tkm  of  my  humble  labours  in  palsBontological  studies.  To  be  enrolled  in  the  list  of 
eminent  men  on  whom  this  ereat  distinction  has  been  conferred  is  a  position  of  which 
the  most  ambitious  may  well  be  proud,  whilst  the  graceful  and  eulogistic  phrases 
with  which  you,  Mr.  President,  have  conveyed  the  award,  and  the  friendly  greetine 
I  hare  received  from  Fellows  assembled  here  to-day,  have  all  touched  me  exceed- 
ingly,^ and  I  can  find  no  language  adequate  to  express  the  sentiments  of  gratitude  I 
experience  on  this  occasion.  It  is  at  all  times  a  pleasure  to  receive  from  our  con- 
temporaries working  on  the  same  line  with  ourselves  a  friendly  estimate  of  our 
honest  endeavours,  but  when  the  Council  of  this  great  Society,  which  counts  among 
its  Members  some  of  the  most  learned  masters  of  Geological  Science,  bestows  its 
highest  award  as  an  acknowledgment  of  the  worth  of  my  scientific  work,  I  confess 
hew  much  indeed  I  appreciate  the  distinction,  and  how  highly  I  value  the  ^txiA. 
siCADB  n. — TOL.  r.—jro,  if.  11 
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Ton  hsTe  kindlT  informed  me  that  the  WoUiston  Medal  has  been  awarded  as 
a  recognition  of  mj  detailed  researches,  oontinued  through  many  years,  on  the 
stmctnre,  classification,  mid  distribution  of  the  fossil  Echinodermata,  published  by 
the  Palcotttoeraphical  Society,  and  for  other  memoin  on  the  Jurassic  and  Tertiary 
strata  of  £nglana.  If  my  lire  is  spared,  the  OTent  of  to-da?  will  bi'oome  a  stimulus 
to  renewed  exertion  in  that  path  of  scientific  study  in  which  I  have  plodded  for 
the  last  thirty  year*.  As  much  of  that  work  has  been  carried  out  by  the  Palteonto- 
graphical  Society,  perhaps  yon  may  allow  me  to  say  how  much  I  consider  the  progress 
of  6eology  has  been  advanced  by  the  splendidly  illustrated  rolumes  it  has  published. 
They  form,  indeed,  a  magnificent  monument  of  unpaid  voluntary  effort  in  the  cause 

of  Science. 

Let  us  never  forget  that  much  of  the  knowledge  we  have  acquired  in  our  re- 
searches concerning  the  mineral  structure  of  the  earth  is  due  to  Palseontology,  and 
that  the  future  of  Geology  will  largely  depend  on  its  onward  frofrren.  The  accurate 
description  of  organic  forms,  their  true  position  in  time,  and  distribution  in  space  is 
the  important  province  of  PalaK)ntology  to  determine  ;  and  by  correctly  translating 
the  archaeology  of  organic  nature  into  the  pages  of  geological  literature,  the  pala'on- 
tologist  may  nope  to  solve  some  of  the  great  questions  that  distract  the  naturalists  of 
onrday,  and  enable  them  to  read  arignt  the  changing  conditions  under  which  life 
existed  during  vast  periods  of  past  time. 

The  Presiaent  tnen  nresented  the  balance  of  the  proceeds  of  the  Wollaston 
Donation  Fund  to  Mr.  W.  J.  Sollas,  M.A.,  F.G.S.,  and  addressed  him  as  follows: — 
Mr.  Sollas, —I  have  great  pleasure  in  handing  you  the  Balance  of  the  proceeds  of 
the  Wollaston  Donation  Fund  in  reoM^ition  of  your  careful  morphological  and 
mineraloffical  studies  upon  the  fossil  Spon^da.  The  Council  of  wis  Society  is 
impressed  with  the  belief  that  you  will  continue  to  benefit  paleontological  science 
by  your  researches  in  those  Amurphozoa  which,  up  to  a  recent  date,  were  compara- 
tively unknown,  or  whose  anatomical  characters  were  misunderstood.  Having  made 
an  ezcdlent  beginning,  of  a  great  course  of  investigation,  you  will,  I  trust,  be 
itimnlated  to  perseverance  and  exactitude  by  this  testimony  of  the  good  wishes  of 
this  Society. 

Mr.  Solus  replied :— Mr.  President, — I  beg  to  express  my  thanks  to  the  Council 
lor  their  award,  and  to  you,  Sir,  for  the  encoura^ng  words  with  which  it  has  been 
accompanied.  Next  to  the  pleasure  of  disoovenng  something  new.  and  of  adding 
something  to  the  common  store  of  knowledge,  I  can  conceive  of  no  greater  gratifica- 
tion than  the  appreciation  of  one's  fellow- workers,  and  the  approbation  of  those 
whom  I  am  proud  to  regard  as  my  masters  and  teachers  in  Science.  The  study  of 
the  fossil  sponges  presents  us  with  a  true  El  Dorado  of  research,  to  which  the  way 
has  been  clearly  opened  by  the  labours  of  tiioee  distinguished  spongiologists  Bower- 
bank,  Oscar  Schmidt,  ana,  lastly,  Carter,  of  whom  I  hope  I  may  he  allowed  to  say 
that  he  is  /mciU  prineep$.  It  will  now  be  my  duty,  as  it  is  my  pleasure,  to  attempt 
to  make  use  of  this  "  way,'*  to  apply  the  facts  whicn  have  been  discovered  concerning 
the  structure  of  the  living  sponges  to  the  interpretation  of  the  sponges  of  the  past, 
and  I  trust  that  in  this  endeavour  I  may  meet  with  such  a  measure  of  success  as 
•hall  prove  that  I  have  not  been  an  unworthy  recipient  of  the  confidence  reposed  in 
me  to-day. 

The  l^rcsident  next  handed  the  Murchison  Medal  to  Mr.  Waring^n  W.  Smyth 
lor  transmission  to  Dr.  Uanns  Bruno  Geinitz.  of  Dresden,  and  spoke  as  follows : — 
Mr.  Warington  Smyth, — The  Council  of  the  Geological  Society  has  awarded  the 
llurchison  Medal  to  Dr.  Uanns  Bruno  Geinitz,  Professor  of  Geology  in  the  University 
of  Dresden,  for  his  researches  in  the  geology  and  palteontology  of  the  Palaeozoic  and 
Cretaceous  formations  of  Saxony.  For  forty  years  at  least  Dr.  Geinitz  has  been  an 
assiduous  cultivator  and  promoter  of  Geological  Science.  lie  has  especially  devoted 
his  attention  to  the  study  of  the  Permian  formation,  and  has  greatly  increased  our 
knowledge  of  its  fauna  and  flora.  The  general  differences  of  the  Permian  and 
Carboni^rous  floras  have  been  pointed  out  by  him  in  his  work  on  the  Permian  plants 
of  Saxony.  His  first  essay  on  the  Zechstein  was  in  1838,  and  subsequently  he  wrote 
on  the  "  Grauwacke  formation,"  which  included  the  Silurian,  Devonian,  and  Carboni- 
ferous strata  of  Saxony.  The  Cretaceous  formation  of  the  same  coontr}'  also  received 
his  attention.  A  friend  of,  and  co-worker  with  the  donor  of  this  Medal,  he  not  only 
*  '  *  him  in  his  labours,  but  was  occasionally  his  companion  whib^t  investigating 
interesting  localities  around  Dresden,  services  which  are  acknowledged  in 
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fhe  ifork  on  '*  Siluria."  Dr.  Geimts  has  oontribnted  many  other  importtnt  works 
to  our  science  than  those  which  the  Council  consider  to  be  the  most  meritorious,  and 
it  therefore  is  a  priyilege  that  I  shoold  be  able  to  ask  yoa  to  oonTcy  to  our  old  and 
mmAk  esteemed  Foreign  Member  this  Medal,  which,  I  am  sore,  he  will  appreciate. 

Mr.  W.  W.  Smith  replied : — I  haye  much  satisfaction  in  receiyinf  from  the  hands 
of  the  President  for  transmission  to  Prof.  Oeinits  the  Medal  awardd  to  one  who  has 
done  so  much  to  adyance  onr  knowledge  of  Central  Oermany.  I  haye  reoeiyed  a 
letter  6t»m  the  Dresden  Professor,  in  which  he  states  that  he  is  dee^y  touched  at 
being  in  this  way  again  associated  with  the  name  of  his  old  and  yenerated  friend 
Sir  iU>derick  Murchison,  that  he  regrets  being  unable  to  attend  this  meeting, 
hot  bc^  to  assure  the  Society  of  his  nigh  appreciation  of  tiie  honour,  and  of  his 
intention  to  consider  it  a  spur  to  urge  him  on  to  fresh  work  in  the  same  path. 

In  presoiting  the  balance  of  the  proceeds  of  the  Murchison  Geological  Fund  to 
Mr.  A,  Hicks,  F.G.S.,  for  transmission  to  Mr.  Charles  Lapwortii,  F.G.S.,  the 
President  said : — Mr.  Hicks,~The  Society  has  lately  had  the  benefit  of  receiriog  a 
moet  important  communication  from  Mr.  Lapworth  upon  the  Silurian  rocks  of  the 
South  of  Scotland,  and  the  Graptolites  contained  in  them.  This  work  has  been  the 
result  of  many  jears*  successful  labour ;  and  in  reception  of  its  merits,  and  with 
the  desire  of  stimulating  its  author  to  further  inyestigation,  the  Council  has  made 
tkis  award,  which  I  will  request  you  to  conyey  to  him. 

Mr.  Hicks,  in  reply,  expressed  his  high  appreciation  of  the  yalue  of  the  work  done 
by  Mr  Li^worth  among  the  Silurian  rocks  of  Scotland,  and  the  satisfaction  that  it 
gsye  him  to  be  selected  as  the  medium  through  which  an  award  so  well  merited  was 
to  be  eonyeyed  to  Mr.  Lapworth,  from  whom  he  read  the  following  letter :  - 

''Mr.  President  and  Gentlemen, — Permit  me  to  express  my  grateful  acknowledgment 
of  the  honour  you  haye  conferred  upon  me  by  the  award  of  the  Murchison  Fund.  It 
is,  indeed,  a  matter  of  the  most  profound  gratification  to  myself  that  what  little  I 
hftye  already  accomplished  has  been  regaraed  as  meriting  this  yalued  distinction. 
Were  any  incentiye  needed  beyond  the  pleasmre  which  eyer  accompanies  the  diligent 
proseeution  of  original  research  to  animate  me  to  continued  exertions  in  my  endeayours 
to  aid,  in  some  degree,  in  determining  the  perfect  order  of  nature  among  the  rocks 
and  fossils  of  the  grandest  of  the  geologic  formations  in  the  natiye  country  of  its 
3hiBtrious  founder,  it  would  suffice  for  me  to  recollect  that  the  Trustees  of  his  bounty 
deem  these  labours  worthy  of  substantial  encouragement,  and  to  feel  assured  therein 
of  the  sympathy  and  approyal  of  the  Fellows  of  the  Geological  Society  of  London.^ 
Chablbs  Lapworth,  4,  Kinbum  Place,  St.  Andrews,  February  12, 1878." 

The  President  next  handed  to  Mr.  J.  W.  Hulke,  F.R.S.,  F.G.S.,  the  Ljell  Medal 
nd  part  of  the  Lyell  Fund  for  transmission  to  Goorge  Busk,  Esq.,  F.K.8.,  F.G.S., 
isd  addressed  him  as  follows : — 

ICr.  Hulke,— The  public  duties  of  Mr.  Busk  proyent  his  receiyin^  this  token  of  the 
Covneil's  appreciation  of  his  merits  as  a  palaeontologist ;  and  in  asking  yon  to  forward 
flue  Medal  imd  Fund  to  him,  I  am  glad  to  express  my  personal  gratification  in  being 
Me  to  present  an  award,  through  you,  to  so  distin^^uished  a  scientific  man. 

The  Council  and  this  Society  are  under  great  obligations  to  Mr.  Busk,  not  only  for 
his  long  series  of  contributions  to  science  on  the  fossu  Polyzoa  and  extinct  MamnuUia, 
ha%  fdso  for  his  haying  yer^r  constantly  giyen  most  carenil  and  conscientious  adrioe 
ipoa  the  yalue  of  communications.  In  giying  this  award  to  Mr.  Busk  I  trust  that 
jKNi  will  remind  him  that,  although  he  has  been  awarded  the  Lyell  Medal  for  those 
fwenrchee  which  appear  to  the  Council  to  be  the  most  important  in  relation  to  the 
aeienee  of  geology,  his  great  indastry  and  careful  method  of  stud^  haye  enabled  him 
to  adyance  our  science  in  many  subjects  which  refer  to  the  antiquity  of  man  and  the 
Qutemary  caye-  and  grayel-faunas.  The  examination  of  the  spoils  of  Brixbam 
flcve  and  of  the  bones  of  the  breccias  of  Gibraltar  have  been  published  by  him,  and 
tiba  results  are  lasting  proofs  of  the  ability  of  an  accomplished  and  cautious  naturalist. 
Moreoyer,  Mr.  Busk,  whilst  s^dying  the  fossil  Polyzoa,  inyestigated  the  recent  forms, 
§md  his  descriptions  and  classifications  are  those  wliich  are  the  most  followed.  In  his 
wunerons  researehes,  whether  they  relate  to  biology  or  to  palaeontology,  the  indue- 
tire  method  has  always  been  followed ;  and  as  in  connexion  with  the  study  of  the 
IohQ  forms,  he  has  constantly  availed  himself  of  the  knowledge  he  was  acquiring  of 
liiflir  recent  representatives,  the  award  of  the  Lyell  Medal  to  him  is  consistent  with 
tiie  wishes  of  its  g^eat  founder. 

Mr.  Hnlke.  in  reply,  said  that,  although  he  regretted  that  circunutanceahAii'^T^ 
~  Mr.  Busk  from  being  present  to  receiye  penonaliy  the  awax^  oi  \}lEkA  ^Q\mss^ 
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it  was  wiili  g^reat  pleasure  that  he  nndertook  to  be  the  means  of  conyejiiig  to  that 

fendeman  this  testimony  of  the  Society's  appreciation  of  his  pabeontolo^cal  labours. 
Ir.  Hulke  also  read  tiie  following  letter,  which  had  been  receiyed  from  Mr.  Husk :  — 
''32,  Harley  Street.  Feb.  11,  1878.— Dear  Mr.  President.— I  much  regret  that  I 
shall  be  unable  to  attend  the  Anniyersary  Meeting,  and  haye  therefore  to  beg  that 
you  will  be  kind  enough  to  express  to  tne  CouncU  my  yery  grateful  sense  of  the 
honour  they  purpose  to  do  me  in  the  award  of  the  Lyell  MedaL  There  is  none  I 
could  esteem  more  highly,  coming  as  it  does  from  a  Dody  with  which  I  have  been 
so  long  connected  and  containing  so  many  old  and  yalued  friends,  whose  opinion,  as 
thus  expressed,  of  the  little  I  haye  been  aole  to  do  in  the  cause  of  Geological  Science, 
has  afforded  me  the  ^eatest  gratification.  The  testimonial  is  doubly  pleasing  also 
from  its  beinf  associated  with  the  name  of  one  whom,  when  aliye,  we  all  so  much 
esteemed  and  loyed,  and  whose  memory  will  be  yenerated  in  all  future  time.  With 
my  best  thanks  to  yourself  and  the  Council,  belieye  me,  dear  Mr.  President,  yours 
sincerely,  Obo.  Busk. — To  the  President  of  the  Oeological  Society.*' 

In  binding  the  balance  of  the  proceeds  of  the  Lyell  Fund  to  Dr.  Oldham,  F.E.S., 
F.G.S.,  for  transmission  to  Dr.  Waagen,  the  President  said:— Dr.  Oldham,— In 
asking  you  to  forward  Dr.  W.  Waagen,  of  Vienna,  and  who  was  lately  on  the  (Geolo- 
gical Suryey  of  the  East  Indies,  the  Balance  of  the  proceeds  of  the  Lyell  Fund,  I 
perform  a  yery  pleasing  duty.  Dr.  Waagen's  labours  in  India  haye  commended 
themselyes  to  the  Council  on  account  of  their  great  merit  and  interest,  and  we  sincerely 
regret  that  he  has  suffered  from  the  climate  and  from  oyerwork.  His  palteontological 
work  has  been  admirable,  and  his  great  knowledge  of  the  Ammonitide  has  en{U)led 
him  to  arrange  and  identify  the  geological  series  of  Cutch.  His  classification  and  his 
careful  analysis  of  species  has  placed  him  in  a  high  rank  amongst  his  fellow-labourers 
in  science ;  and  I  tnist  that  you  will  be  able  to  satisfy  him  that  his  English  brethren 
sjrmpathize  most  thoroughly  with  him.  ^ 

Dr.  Oldham,  in  reply,  said : — It  is,  Sir,  to  me  a  source  of  true  gratification  to  haye 
been  able  to  comply  with  Dr.  Waagen's  request,  and  to  receiye  on  his  behalf  the 
award  which  you  naye  ^ust  announced ;  and  this  because,  in  all  probability,  it  has 
fallen  to  me  to  be  more  mtimately  acquainted  with  Dr.  Waagen  man  any  one  here 
present,  inasmuch  as  for  some  years  I  nad  the  happy  good  fortune  of  his  co-operation 
on  the  Geological  Suryey  of  India,  as  an  assistant,  a  colleague,  and  a  friend.  And  it 
will  always,  as  it  is  now,  be  to  me  a  pleasure  to  be  able  to  bear  testimony  to  the  un- 
tiring deyotion,  zeal,  and  ability  which  he  brought  to  his  work,  and  to  the  regret 
which  we  all  felt  when  continued  ill-health  compelled  him  to  resien  his  connexion 
with  India.  I  greatiy  regret  to  sajr  that  ill-h»Edth  has  continueo.  and  has,  in  his 
natiye  country,  preyented  nis  obtaining  such  employment  as  would  bring  with  it 
eyen  the  poor  remuneration  which  science  commands.  The  award  of  the  Geological 
Society  of  London  will  therefore  prove  to  him  a  great  solace  in  his  depression,  and  a 
great  stimulus  to  his  further  exertion.  With  your  permission  I  will  read  to  you  a 
few  words  from  Dr.  Waagen's  letter  to  myself.  He  says  he  had  received  with 
mingled  feelings  of  pride  and  gratitude  the  announcement  of  the  award.  **  I  do  not 
know  how  I  have  deserved  the  high  honour  the  Geological  Society  of  London  has  in 
mind  to  confer  upon  me.  I  know  only  that  I  have  always  enaeayoured  to  do  my 
duty  as  long  as  my  strength  lasted,  and  I  hope  to  do  my  duty  to  science  again  as  my 
strength  returns.  It  will  be  a  great  inducement  to  me  to  use  now  so  much  the  more 
my  utmost  zeal  and  endeavours  to  show  myself  worthy  of  the  high  distinction  1  am 
to  receive  at  the  hands  of  the  Geological  Society.  I  wish  I  were  able  to  attend 
personally  to  express  before  the  assembly  of  the  Council  and  Members  of  the  Geolo- 

fical  Society  the  feelings  of  gratitude  which  have  been  awakened  through  the  great 
indness  shown  to  me.  A  journey  to  London,  however,  at  this  time  of  the  year,  would 
be  death  to  me.  I  cannot  do  anything,  therefore,  but  ask  you  to  express,  if  possible, 
my  warmest  thanks  to  the  Society  for  the  great  honour  they  have  deemed  me  worthy 
to  receive." 

The  President  then  proceeded  to  read  his  Anniversary  Address,  in  which  he  dwelt 
in  considerable  detail  upon  the  influence  of  advanced  morphological  and  zoological 
investigations  upon  our  palseontological  ideas  and  upon  the  geolo^cal  inferences 
founded  upon  them.  The  Address  was  prefaced  by  some  obituary  notices  of  Fellows 
of  the  Society  deceased  during  the  past  year,  including  Sir  Henry  James,  Dr.  Bryco, 
Mr.  John  Leckenby,  Dr.  Bowerbank,  Mr.  E.  Wood,  and  Mr.  W.  Harris. 
The  ballot  for  the  Council  and  Officers  was  taken,  and  the  following  were  duly 
elected  for  the  ensuing  year : — Frmdmi :  Q..  C.  Borby,  Esq.,  F.B.S.     Viee^JPresi- 
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dmU:  B.  Etheridge,  Esq.,  F.B.S. ;  John  Eyaiifl,  Esq.,  D.C.L.,  F.B.S. ;  Prof.  J. 
Preetwich,  M.A.,  F.R.S. ;  Prof.  A.  C.  Ramsay,  LL.D.,  F.E.8.  Seerttariea:  Prof. 
T.  G.  Bonney,  M.A. ;  Prof.  J.  W.  Judd,  F.ft.8.  Foreiffn  Seentary:  Warington 
W.  Smyth,  Esq.,  M.A.,  F.B.S.  Treasurer :  J.  Gwyn  Jeffreys,  LL.D.,  F.fi  8. 
Council :  H.  Bauerman,  Esq. ;  Prof.  T.  G.  Bomiey,  M.A. ;  Prof.  W.  Boyd  Daw- 
kins,  M.A.,  F.B.S. ;  Prof.  P.  Martin  Duncan,  M  B.,  F.B.S. ;  B.  Etheridge,  Esq., 
F.B.S. ;  John  Evans,  Esq.,  D.C.L.,  F.B.S. ;  Henry  Hicks,  Esq. ;  W.  H.  Hudle- 
tUm,  Em^.,  M.A. ;  Prof.  T.  McEenny  Hughes,  M.A. ;  J.  W.  Hulke,  Esa.,  F.B.S. ; 
J.  Gwyn  Jeffreys,  LL.D.,  F.B.S.;  Prof.  T.  Bupert  Jones,  F.B.S. ;  Prof.  J.  W. 
Jndd,  F.R.S. ;  J.  Morris,  Esq. ;  J.  A.  Phillips,  JEsq. ;  Prof.  J.  Prestwich,  M.A., 
F.B.8. ;  P.  G.  H.  Price,  Esq  ;  Prof.  A.  C.  Bamsay,  LL.D.,  F.B.S. ;  B.  H.  Scott, 
Emi.,M.A.,  F.B.S. ;  Warington  W.  Smyth,  Esq.,  M.A,  F.B.8. ;  H.  C.  Sorhy, 
Esq.,  F.B.S. ;  Admiral  T.  A.  B.  Spratt,  C.B.,  F.B.S. ;  Bev.  T.  Wiltshire,  M.A., 


TIL— February  20th,  1878.— Henry  Cliflon  Sorby,  Esq.,  F.R.S., 
President,  in  the  Chair. — The  following  communioations  were  read : 

1.  "Notes  on  the  Physical  Geology  of  the  Upper  Punjab."  By  A.  B.  Wynne, 
Eml.,  F.G.S. 

The  author  stated  that  crystalline  rocks  are  rare  in  the  accession  parts  of  the 
Upper  Pun j  lib  district,  and  wat  when  present  they  consist  of  syenite  and  gneiss. 
The  Cambrian  and  Silirrian  formations  are  represented  by  more  or  less  metomor- 
phosed  azoic  slates  in  the  Himalayan  district,  and  in  the  Salt  Bange  by  a  zone  less 
than  200  feet  thick,  containing  either  Oboiua  or  Sipkonotreta^  underlain  by  a  thick 
nnfoesiliferous  sandstone,  beneath  which  is  a  deposit  of  gypseous  marl  and  salt. 
AboTe  the  Silurian  in  the  Salt  Bange,  and  conformable  to  it,  comes  the  Magnesian 
Sandstone  group  and  a  group  of  unfossilif erous  sandstones  and  clays ;  in  the  Hima- 
laya these  aeposits  are  probably  represented  by  an  nnfoesiliferous  siliceous  dolomite, 
wnich  rests  unconformaoly  upon  the  slates.  There  are  no  fossils  indicatiye  of  rocks 
of  Deyonian  age.  The  Cart>oniferouft  rocks,  which  are  also  conformably  deposited 
on  limestones,  sandstones,  and  shales,  the  last  sometimes  carbonaceous.  These 
deposits  contain  hsematite  in  pockets,  and  the  oldest  known  Ammonites  haye  been 
found  in  them.  An  infra-Triassic  group  occurring  in  Lei  Bau  mountain  consists  of 
red  shales,  sandstones,  and  red  quartzitic  dolomites,  oyerlain  by  lighter-coloured 
silioeoos  dolomites,  which  in  their  turn  are  covered  by  hsematite,  quartz  breccia, 
sandstones,  and  shales.  The  author  belicTes  these  to  have  been  deposited  by  the 
tame  waters  which  subseaueutly  laid  down  the  Trias,  which  is  largely  composed 
of  limestones  in  the  nortnem  Himalayan  area,  and  here  and  elsewhere  includes 
dolomites^  shales,  and  sandstones.  Numerous  fossils  occur  in  some  of  the  beds,  such 
as  Dieeroeardium,  MegalodoHy  and  NeHnaa,  In  the  western  part  of  the  Salt  Bange 
oonglomerates  composed  of  great  blocks  are  regarded  by  the  author  as  eridence  of 
proximity  of  land.  The  Jurassic  deposits  are  local  in  their  distribution,  and  consist 
of  shales,  sandstones,  and  limestones,  containing  abundant  fossils,  such  as  Belemnites, 
Ammonites,  and  Saurians.  A  dark  limestone  contains  also  Oryphem  and  TrigonitB, 
The  Cretaceous  deposits,  when  present,  are  conformable  to  the  Carboniferous ;  they 
are  yariable  in  thickness  and  fossil  contents,  and  are  not  recognizable  near  Attock 
between  the  Jurassic  and  NummuUtic  groups.  Further  east  a  group,  supposed  to 
be  Cretaceous,  includes  clays  with  boulders  of  crystalline  rock,  which  the  author 
r^ards  as  deriyed  from  lana  to  the  south.  One  of  these  boulders  presented  glacial 
siruB.  The  Eocene  rocks  are  generally  limestones,  and  lie  conformably  upon  the 
■ubiaoent  formations.  The  NummuUtic  series  of  the  Salt  Bange  includes  gypseous 
and  coaly  shales.  The  salt  beds  sometimes  attain  a  thickness  of  over  1000  feet. 
The  Miocene  and  Pliocene  deposits  are  of  immense  thickness,  and  contain  only 
fossils  of  terrestrial  and  freshwater  origin,  so  that  the  deposits  were  formed  in  lakes 
and  inland  seas.  The  Tertiary  epoch  closed  with  the  eleyation  of  the  Himalayas 
uid  Salt  Bange,  which  was  followed  by  a  long  period  of  change,  during  which 
▼arious  deposite  were  produced,  some  including  ^reat  quantities  of  erratics,  which, 
however,  the  author  believes  were  brought  to  their  present  position  rather  by  floating 
ioe  than  by  the  extension  of  glaciers. 

2.  "  Description  and  Correlation  of  the  Bournemouth  Beds.  Part  I.  Upper  or 
Karine  Series."    By  J.  Starkie  Gardner,  Esq.,  F.G.S. 


15J  Beports  and  Proceedings — 

IV  utbor  ftated  that  nothing  had  been  written  on  this  robject  since  Prof, 
rtwuricb'i  p<pCT,  in  which  the  bras  at  Hen^istbury  were  described  as  of  the  Barton 
MTML  No  attempt  had  hitherto  been  made  to  correlate  the  beds  at  Alnm  Bay  or 
VhitwHff  Bay  with  those  of  the  mainland,  and  no  reference  was  to  be  found  any- 
«iM«  to  the  origin  and  sequence  of  the  beds  between  Hennstbury  Head  and 
KwrWBiouth,  or  to  their  contained  fossils.  He  had  now  correlated  tnese  bed  for 
v^  with  the  strata  at  Alum  Bay,  and  found  that  there  is  a  sequence,  and  that  the 
ilMUrwtburr  beds  are  higher  than  those  of  Bournemouth  and  do  not  reappear  on 
tW  c^'Mwt.  *They  are  all  of  marine  origin  and  were  deposited  by  a  sea  adVancing 
h^Nft  the  south,  as  is  shown  by  the  slope  of  the  shingle  beds  and  the  lenticular 
Mich<*  of  clay  which  mark  old  channels  parallel  to  the  former  shore  and  at  right 
jUtflM  to  the  present  cliff-line.  They  contain  numerous  fossils,  fruits,  leaves, 
Mollttsca,  and  Crustacea,  the  fruits  resembling  those  of  Sheppey  and  forming  a 
ftxHip  of  similar  character.  The  Mollusca  are  of  Braeklcsham  t}'pe,  and  the  fossils 
tiK'Iade  throe  genera  of  Bryozoa,  two  of  which  are  new  to  the  Eocene.  The 
CmtUicttk  have  not  yet  been  examined. 

The  author  comes  to  the  conclusion  that  the  whole  group  is  contemporaneous  with 
ib#  Hraoklesham  beds,  and  is  not  of  Lower  Bagshot  age.    Similar  shore-conditions 

rKibablv  extoided  into  the  London  basin,  and  the  beds  mapped  by  the  Survey  ai; 
owtT  ^agshot  are  probably  of  the  same  age  as  those  at  Boscombe,  in  which  c^ise 
mtthing  more  than  tho  Bracklesham  is  to  be  met  with  in  the  London  basin.  The 
umilanty  of  the  leaves,  etc.,  from  Bovey  Tracy  to  those  obtained  by  the  author  leads 
him  to  infer  that  the  former  also  are  of  Eocene,  and  not  of  Miocene  age.  The 
author  increases  the  thickness  of  the  Ix>ndon  Clay  at  Alum  Bay  at  the  expense  of 
the  Bagshot  beds,  and  diminishes  that  of  the  Bracklesham  bedis  at  Whitediff  Bay 
by  transferring  part  of  them  to  the  Lower  Bagshot. 

S.  '*  Notes  on  Certain  Modes  of  Occurrence  of  Gold  in  Australia."  By  Richard 
Daintree,  Esq.,  F.G.S. 

The  author  stated  that  he  had  in  a  previous  paper  (Q.  J.  G.  S.  vol.  xxviii.  p.  271) 
proved  the  occurrence  of  gold  in  the  Devonian  rocks  of  Queensland,  and  further  that 
the  auriferous  tracts  were  certainly  conOned  to  those  districts  in  which  the  Devonian 
rocks  were  penetrated  by  certain  piutonic  rocks^rincipdly  pyritous  diorites.  These 
conclusions  had  since  been  confirmed  by  Mr.  W.  C.  Wilkinson  and  Dr.  G.  F.  H. 
Ulrich :  and  the  facts  thus  established  are  of  the  greatest  practical  importance  to 
miners.  With  regard  to  the  epoch  when  the  auriferous  pyrites  was  deposited  in  the 
rocks,  the  author  expresses  the  opinion  that  most  of  the  pyrites  is  contemporaneous 
with  the  consolidation  of  the  rocks  in  which  it  occurs,  altnough  some  may  have  been 
subsequently  introduced  by  infiltration ;  but  this  is  not  common  in  Australia.  A 
more  common  case  is  the  separation  of  gold  eenerally  diffused  through  a  rock  into 
local  fissures,  forming  strings  and  veins.  The  author  thinks  that  ful  the  evidence 
goes  to  show  that  the  Australian  auriferous  veins  were  chiefly  formed  during  the 
earliest  era  of  great  volcanic  agitation  indicated  by  the  condition  of  the  stratified 
rocks,  namely  the  Devonian,  but  that  they  were  enriched  during  a  subsequent  Tertiar}* 
(probably  Miocene)  period  of  intense  activity.  No  traces  of  auriferous  veins  have 
yet  been  found  in  any  Mesozoic  or  Cainozoic  deposits  in  Australia. 

4.  <<  Notes  on  the  Geology  of  the  Island  of  Mauritius  and  the  adjacent  Islets.*' 
By  W.  H.  T.  Power,  E^'.,  B.A.  (Communicated  by  W.  Whitaker,  Esq.,  B.A., 
F.G.S.) 

The  author  stated  that  the  island  of  Mauritius  consists  of  an  elevated  central 
plateau,  bounded  by  an  incomplete  wall  of  volcanic  rock,  round  part  of  which  there 
is  a  coral  reef  and  coral  sand-rock,  and  also  rocks  of  various  colours  produced  by  the 
decomposition  of  volcanic  rocks.  Outside  is  a  living  coral  reef.  In  the  midolc  of 
the  island  the  old  crater- wall  can  be  distinguished,  although  broken ;  two  secondary 
craters  are  also  noticed.  On  the  north  slope  of  the  island  there  is  a  flow  of  columnar 
basalt  to  the  sea.  There  is  an  opening  in  the  old  coral-reef,  as  in  the  existing  one 
opposite  the  mouth  of  the  Black  River.  Gabriel  Island  consists  of  a  coral  reef  and 
detrital  coral  rock  upon  a  foundation  of  basalt,  the  section  showing  in  dest^ending 
order:—!.  Coral  stone;  2.  Conglomerate  of  coral,  with  some  basalt  pebbles  and 
shells ;  3.  Compact  limestone,  with  thin  layers  of  basalt  at  base.  The  author  de- 
scribed the  supposed  fossil  trees  noticed  in  this  island  by  Messrs.  Ayrcs  and  Clarke 
(Q.  J.  G.  S.  xxiii.  p.  186)  as  comp«)sed  simply  of  hard  portions  of  coral  rock  left 
'~'^'^'~dmg  hj  the  weathering  of  the  softer  intervening  parts ;  they  show  the  same 
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fltmtificatioii  as  the  rock  below.  The  islet  known  as  Gunner's  Quoin  consists  of  co- 
lumnar basaltic  lava,  capping  Yolcanic  sand,  below  which  is  a  browner  volcanic  sand 
with  seams  of  coral  fragments.  Flat  Island  is  in  part  the  remains  of  a  volcanic 
crater,  and  the  rest  consists  of  volcanic  sand  strewn  with  coral  blocks.  There  are 
basaltic  dykes  in  the  hill,  the  top  of  which  appears  to  show  traces  of  one  or  more 
phigs.  The  author  concludes  that  Mauritius  was  once  an  active  volcano,  now 
elevated  with  the  old  reef.  The  islets  also  formed  part  of  a  volcano  or  volcanos, 
and  have  also  been  elevated  with  reef-materiaL 


rV.— March  6th,  1878.— Henry  Clifton  Sorby,  Esq.,  F.R.S., 
President,  in  the  Chair. — The  following  communioations  were  read : 

1.  **  On  the  Geology  of  Gibraltar."  By  Prof.  A.  C.  Eamsay,  LL.D.,  F.E.S., 
and  James  Geikie,  Esq.,  LL.D.,  F.R.S. 

In  this  paper  the  authors,  after  giving  some  account  of  the  physical  features  of 
Gibraltar,  described  in  detail  Uie  various  rock-masses  of  which  the  peninsula  is 
eompoeed.  The  chief  rock  is  a  pale  grey»  bedded  limestone,  overlain  by  shales  con- 
taining beds  and  bands  of  grit,  mnostone,  and  limestone.  Fossils  are  very  rarely 
met  with  in  the  limestone,  and  have  never  as  yet  been  found  in  the  shales.  The 
only  recognizable  fossil  they  obtained  Arom  the  limestone  was  a  Rhynehonella^  which 
Me«rs.  Etheridge  and  Davidson  think  is  most  likely  Rh,  eoncinna.  This  would 
make  the  beds  of  Jurassic  afe.  The  limestone  forms  the  great  eastern  escarpment, 
and  dips  west  under  the  shales,  which  form  the  lower  slopes  upon  which  the  town  is 
boilt.  The  dips  vary  from  12^  or  20**  up  to  vertical.  The  connexion  of  these  strata 
with  the  rocks  of  the  adjoining  districts  in  Spain  and  the  opposite  coast  of  Africa 
waa  traced,  and  it  was  shown  that  the  Gibraltar  Limestone  reappears  in  Ape*s  Hill 
in  Barbary,  while  the  overlying  shales  and  the  sandstones  of  Queen  of  Spain's  Chair 
form  all  the  ground  to  the  west  of  Ape*s  Hill  up  to  Cape  Spartel.  The  Jurassic 
strata  of  Gibraltar  are  overlain  by  various  superficial  accumulations,  the  oldest  of 
which  is  a  great  mass  of  limestone-agglomerate,  which  is  unfossiiiferous,  and  shows 
as  a  rule  no  trace  of  stratification.  It  is  made  up  of  angular  blocks  of  limestone  of 
all  shapes  and  sizes,  and  rests  upon  an  uneven  surface  of  limestone ;  it  also  covers 
wide  areas  underneath  which  only  shales  are  present.  It  is  excessively  denuded, 
being  worn  into  ravines  and  gullies,  and  presents  generally  a  highly  honeycombed 
farface.  Terraces  of  marine  erosion  have  also  been  excavated  in  it.  It  is  not 
now  accreting,  and  could  not  have  been  formed  under  present  conditions  of  climate 
and  surface.  The  authors  gave  at  length  their  reasons  for  believing  it  to  have  been 
the  result  of  a  severe  climate.  The  Uocks  were  wedged  out  by  the  action  of  frost, 
and  the  heaps  of  angular  debris  thus  formed  were  saturated  by  water  derived  from 
melting  snows,  and  so  were  caused  to  flow  m  nuute  down  the  mountain-slopes  and 
over  the  gently-inclined  ground  at  their  base. 

The  caves  and  fissures  of  Gibraltar  were  then  described.  It  was  shown  that  the 
tme  bone-breccias  were  confined  to  these.  Many  of  these  fossiliferous  breccias  are 
of  later  date  than  the  great  agglomerate,  since  they  are  met  with  in  fissures  and 
cares  that  intersect  the  limestone  and  limestone  agglomerate  alike.  When  the 
mammalia  tenanted  Gibraltar,  Africa  and  Europe  were  united,  and  the  climate  was 
geniaL 

All  round  the  rock  occur  platforms,  ledges,  and  plateaux,  which  are  evidently  the 
work  of  the  sea.  These  erosion-terraces  are  covered  in  many  places  with  calcareous 
eandstones  containing  recent  species  of  Mediterranean  shells.  Such  marine  deposits 
occur  up  to  a  height  of  700  feet.  The  movement  of  depression  was  interrupted  by 
nausea  of  longer  or  shorter  duration,  and  the  climatic  conoitions  were  probably  mucn 
uc  same  as  at  present. 

After  the  rock  had  been  re-elevated,  the  subaerial  forces  modified  the  surface  of  the 
marine  sands  that  covered  the  limestone  platforms,  so  that  they  came  to  form  long 
■and  slopes.  The  land  at  this  period  was  ot  greater  extent  than  it  is  now,  and  some 
mmnds  exist  for  believing  Europe  to  have  b^n  again  united  to  Africa,  for  mamma- 
fiaa  remains  occur  here  and  there  in  the  deposits  that  overlie  the  limestone-platforms. 
These  relics,  however,  it  is  just  possible,  may  be  derivative.  The  climate  was  prob* 
ably  still  genial  like  the  present. 

Overlying  the  marine  and  subaerial  deposits  just  referred  to  occurs  an  upper  and 
Tonn^r  accumulation  of  massive  imfossiliferous  limestone  agglomerate.  This 
deposit  the  authors  believe  to  owe  its  origin  to  severe  climatic  conditLona.    Ai^  \3^^ 


184    BeporU  and  Proceedings — Geological  Society  of  London. 


depontB  that  cloak  so  much  of  the  eastern  side  of  the  rock  had  been  weathered 
uiU»  rabaerial  sand-slopes,  large  blocks  -were  detached  from  the  cliffs  and  steep  slopes, 
•111  l^eae  dropped  down  upon  the  sand  and  were  soon  drifted  over.  By  and  bye  the 
liWka  fell  in  such  quantities  that  the  sand-slopes  in  many  places  were  completely 
bttri«d  under  a  talus  of  limestone  deM$,  Tms  was  subsequently  consolidated  by 
iftAhntion  into  a  solid  agglomerate,  in  the  sama  way  as  the  underlying  sands  were 
kajrdened  into  sandstone.  These  sandstones  contain  a  few  blocks  of  hm^tone  only  in 
Ui«ir  upper  portions.  In  their  horizontally  bedded  and  lower-lying  portions  no  lime- 
atone  blocks  occur. 

This  later  agglomerate  bears  erery  stamp  of  ^reat  antiquity,  and  could  not  have 
been  formed  under  present  geographical  and  chmatic  conditions.  The  surface  is 
honeycombed  and  worn,  just  like  that  of  the  solid  limestone  and  the  older  limestone 
agglomerate.  Since  its  accumulation  the  climate  has  greatly  changed,  the  present 
being  characterized,  by  the  absence  of  frost 

In  concluding  the  authors  discussed  at  length  the  cause  of  the  cold  conditions  that 

gave  rise  to  the  great  limestone  agglomerates,  and  argued  that  this  cause  could  not 
ave  been  elevation  of  the  land.  They  also  pointed  out  that  a  submerffence  of  the 
Sahara  would  be  equally  incompetent  to  bring  about  the  desiderated  climatic  con- 
ditions, and  that  even  a  former  much  greater  elevation  of  the  land,  combined  with 
the  appearance  of  a  Sahara  sea,  would  fail  to  supply  us  with  the  severe  winter  climate 
that  was  necessary  to  produce  the  great  agglomerates.  They  thought  that  the  most 
probable  explanation  of  the  phenomena  described  is  that  the  cold  conditions  referred 
to  were  contemporaneous  witn  that  general  refrigeration  of  climate  which  took  place 
over  so  vast  an  area  in  our  hemisphere  during  Pleistocene  times.  ^  The  limestone 
agglomerates  they  look  upon  as  the  equivalents  of  those  glacial  deposits  that  occur  so 
plentifully  in  our  own  and  other  countries,  and  the  bone-breccias,  which  are  inter- 
mediate in  date  between  the  lower  and  upper  limestone  agglomerates,  are  paralleled 
by  the  interglacial  beds  of  the  British  Islands,  Sweden,  Switzerland,  etc 

2.  "Notes  on  the  Geology  of  Japan."     By  J.  G.  H.  Godfrey,  Esq.,  F.G.S. 

The  author  stated  that  Yesso,  the  most  northern  island  of  the  Japanese  group,  had 
been  geologically  surveyed  under  the  direction  of  Mr.  Lyman,  but  that  the  geoloey 
of  the  other  islands  was  chiefly  known  from  Richthofen's  general  description.  He 
finds  that  the  classification  of  formations  proposed  by  L3rman  for  Tesso  holds  good  in 
all  the  other  islands.    Thus,  goin^  from  newer  to  older  deposits,  he  distinguishes : — 

1.  New  alluvium,  formed  by  existing  rivers. 

2.  Old  alluvium,  formed  by  ancient  riven. 

3.  New  volcanic  rocks,  consisting  of  basalt  and  rhyolite.  Most  of  the  Japanese 
Tolcanos  are  extinct,  but  a  few,  such  as  Asamoyama,  are  in  the  solfatara  stage ;  hot 
ipringB  abound,  and  earthquakes  are  frequent. 

4.  Toshibetsu  ^oup,  nuddle  or  lower  Tertiary  sandstones,  clays,  and  conglomer- 
ates, containing  hgnite  and  petroleum. 

6.  Old  volcanic  series,  rnyolitic  rocks,  often  distinctly  bedded,  covering  a  vast 
area,  and  with  numerous  lodes  and  deposits  containing  gold,  silver,  copper,  lead,  and 
blende. 

6.  Horimui  group,  a  coal-  and  lignite-bearing  series  of  considerable  extent,  ap- 
parently best  developed  in  the  western  part  of  Japaii«  and  especially  in  the  north  of 
the  ishmd  of  Kiushiu,  where  the  deposits  are  shown  by  fossil  evidence  to  be  of  Cre- 
taceous age. 

7.  Kamoikotan  or  metamorphic  group,  consisting  of  various  schistose  and  gneissie 
rocks,  distinctly  stratified,  and  usuuly  snovring  a  £p  of  upwards  of  60**.  Owing  to 
the  absence  of  fossils  the  age  of  this  group  is  still  undecided ;  Richthofen  regaros  it 
as  Silurian  or  Devonian.  Granite  and  diorite  are  frequently  intruded  into  this 
series,  and  they  contain  some  important  mineral  veins. 

The  author  went  into  considerable  details  upon  the  useful  minerals  of  Japan, 
noticing  their  mode  of  occurrence  and  the  quantities  in  which  they  are  produced. 
The  most  important  of  them  are : — coal  and  hgnite,  copper,  silver,  gold,  iron,  petro- 
leum, lead,  and  tin ;  those  of  less  consequence  are :— sulphur  (from  the  old  craters], 
antimony,  mercury,  kaolin,  and  salt. 


Correspondence — Mr,  A.  B.  Wynne.  185 

WHAT  IS  AN  ERRATIC? 

Sib, — I  am  constrained  to  ask  the  above  question  in  consequence 
of  the  appearance,  in  the  Records  of  the  Geological  Survey  of  India 
(vol.  X.  p.  228),  of  some  critical  remarks  by  Mr.  Theobald,  upon  my 
previous  reference  to  the  "  Erratics  "  of  Uie  Upper  Punjab  in  the 
same  volume  (p.  128). 

In  these  remarks  Mr.  Theobald  restricts  and  applies  the  term 
'* Erratics"  exclusively  to  certain  blocks  supposed  to  have  been 
ice-transported,  advocating  the  idea  also  (vide  foot-note)  that  the 
word  is  only  applicable  in  describing  recent  phases  of  geology. 

Every  field  geologist  must  have  observed  travelled  rock-fragments, 
the  connexion  of  which  with  glaciation  was  not  apparent,  and  to 
which  the  comprehensive  term  "  Erratic  "  would  be  perfectly  ap- 
plicable. Such  transported  fragments  might  have  come  from  some 
neighbouring  mountain,  or  have  been  transported  by  a  large  river, 
or  drifted  by  a  marine  current,  or  ice  might  have  moved  them.  In 
all  these  cases  I  hold  that  the  fragments  would  be  truly  erratics,  no 
matter  at  what  period  of  geological  history  they  wandered;  also 
that  glacial  erratics  may  be  included  in  the  general  term. 

Chalk  flints  are  found  in  the  shore  deposits  of  the  South  of  Ire- 
land. They  may  have  come  from  France,  or  the  South  of  England, 
from  Antrim,  or  from  unknown  Chalk  beds  beneath  the  English 
Channel,  but  there  is  no  evidence  that  they  have  been  transported 
by  ice.  llie  materials  of  the  Chesil  Bank  are  accumulated  by 
marine  currents.  The  agency  which  enclosed  Wicklow  granite  masses 
far  within  the  Carboniferous  Limestone  of  the  County  Dublin ;  or 
the  great  blocks  of  granite  in  a  flow  of  Deccan  Trap  near  Mund- 
laisir,  on  the  Nerbudda,  in  India,  are  unknown :  but  are  not  these 
as  genuinely  erratics  as  any  ice-borne  blocks  ?  If  not  erratics,  what 
else  are  these  travelled  fragments  to  be  called  ? 

The  erratics  of  the  Upper  Punjab  are  of  various  kinds.  One 
f^up  of  them  dates  very  far  back;  these  are  all  fragments  of 
crystalline  rocks,  including  many  of  red  granite  from  an  unknown 
source,  and  they  occur  imbedded  in  the  geological  series  of  the  Salt 
Bange,  at  every  stage  from  pre- Silurian  to  latest  Tertiary  or  Recent. 
Another  group  is  of  Himalayan  origin;  these  have  been  transported 
from  the  north  during  Tertiary,  post-Tertiary,  and  Recent  periods, 
aod  are  still  travelling  from  the  same  direction :  they  include  a  great 
Tariety  of  Himalayan  rocks.  Yet  another  group  comprises  large 
angular  and  sub-angular  blocks  of  Himalayan  gneiss,  granite,  lime- 
stone, etc.,  which  are  supposed  to  have  been  carried  by  floating-ice. 
Nothing  has  yet  been  advanced  to  connect  them  with  glaciation  of 
the  immediate  localities  in  which  they  are  found. 

Some  very  large  angular,  red  granite  erratics,  at  considerable 
elevations  on  the  Salt  Range,  and  resting  on  different  strata,  are 
probably  also  attributable  to  flotation  by  means  of  ice.  The  best 
Known  of  these  is  the  Khewra  Erratic. 
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Olhw  smaller,  rounded,  eiTatio  boulders  of  red  granite,  locally 
TMnii^ixius  on  or  near  the  eastern  Salt  Bange,  bnt  not  entirely  absent 
9«<k  ;Ke  west,  are  supposed  by  me  to  have  been  mainly  released  by 
ileniKUtion  from  a  Boulder-clay  of  probably  Cretaceous  age,  which 
vwhr  occurs  in  the  eastern  part  of  this  range.  Among  these  latter 
Knuders  one  has  been  found  (not  in  bM)  bearing  marks  of  glacial 
tmoiUhing  and  striation. 

With  regard  to  both  these  rounded  erratio  boulders  and  the  larger 
*ii)^lar  blocks,  it  is  a  question  of  interest,  but  of  considerable 
difficulty,  to  decide  by  what  means  they  were  transported.  The 
largest  iiave  no  re^iresentatives  as  to  size  in  the  neighbouring  Cre- 
tftoeous  (?)  boulder  bed,  the  fragments  in  which  are  usually  rounded. 
Mr.  llieobald  suggests  as  their  source  a  Paleozoic  boulder  zone  of 
the  range,  and  their  derivation  thence  by  weathering  tn  iitu ;  but 
this  is  impossible,  for  the  Palseozoic  boulder  beds  referred  to  never 
existed  in  the  eastern  Salt  Range,  or  in  the  vicinity  of  these  blocks  I 
They  may  therefore  have  been  transported,  as  well  as  the  northern 
ones,  by  floating-ice. 

The  smaller  rounded  and  glaciated  boulder  just  now  mentioned 
would  suggest  Cretaceous  glacial  conditions  with  some  probability, 
had  it  been  found  tn  fti«.  As  it  occurred  in  a  wall  (though  near  the 
boulder  bed),  its  scoring  and  smoothing  may  have  taken  place  either 
before  or  after  its  removal  from  that  bed,  supposing  that  it  ever  was 
included  therein — a  point  incapable  of  proof,  but  open  to  conjecture. 

At  whatever  period  this  particular  boulder  became  glaciated,  the 
fact  suggests  that  any  of  the  similar  boulders  about  the  Salt  Range 
may  have  been  originally  glacial  erratics :  also  that  glacial  condi- 
tions may  have  prevailed  during  any  period  to  which  the  deposition 
of  these  boulders  can  be  traced,  from  Palsdozoic  to  Recent 

Rather  than  admit  a  possibility  of  connexion  between  recent  ice- 
work  and  the  occurrence  of  these  smaller  granite  erratics,  Mr. 
Theobald  prefers  to  assert  their  derivation,  proximately  from  the 
Cretaceous  Boulder-clay,  but  more  immediately  from  weathering  of 
the  latest  Tertiary  conglomerates,  because  in  a  few  instances  he  has 
found  blocks  of  red  granite  in  the  last-named  beds.  This  view  I 
consider  is  untenable  for  two  reasons,  first  on  account  of  the  number 
of  the  red  granite  recent  erratics,  next  because  the  general  paral- 
lelism pervading  the  whole  of  the  eastern  Salt  Range  series,  from 
the  oldest  beds  upwards,  involves  the  Cretaceous  Boulder-clay 
having  been  buried  under  many  himdreds  of  feet  of  earlier  Tertiary 
strata  at  the  time  when  the  few  granite  boulders  of  the  uppermost 
Tertiary  conglomerates  were  enclosed.* 

From  the  whole  of  the  facts  regarding  these  red  granite  erratics, 
large  and  small,  I  think  the  fair  inference  is  that  red  granitic  rocky 
ground,  lying  probably  to  the  south  of  the  Salt  Range,  was  being 

*  There  is  some  indication  of  a  break  in  this  Tertiary  series,  for  apparently  rolled 
fragments  of  Nummulitic  Limestone  are  found  in  it  at  various  scattered  horizons, 
bnt  the  beds  are  all  parallel.  And  tliere  is  no  evidence  that  any  rock  of  the  Salt 
Bange  older  than  Nummulitic  was  being  eroded  during  Tertiary  deposition,  llie 
Cretaceous  (P)  Olive  ^oup  is,  however,  older  than  the  Nummulitic,  and  ought  to 
^       heea  covered  dunog  deposition  of  any  subiequent  beds. 
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dennded  and  furnishing  erratics,  during  the  deposition  of  the  whole 
Salt  Bange  series ;  and  further,  that  towards  the  later  period  (if  not 
before)  glacial  conditions  of  the  granitic  region  enabled  masses  of 
this  rock  to  be  floated  to  the  Salt  Range  area  by  the  agency  of  ice ; 
theie  to  undergo,  in  varying  degrees,  the  usual  operations  of  atmo- 
spheric denudation.  A.  B.  Wtnmb. 

Caicp  Hakara,  January  1,  1878. 


ME.  S.  V.  WOOD,  Juw.,  IN  REPLY  TO  DE.  JAMES  GEIKIE. 

Bnt,— Mr.  James  G^ikie  has  not  in  his  article  in  your  last  Number 
put  the  qtwitioiAu  in  issue  between  us  so  incisively  as  I  could  have 
wished. 

1.  I  have  never  denied  that  land-ice  erodes  more  in  some  places 
than  it  does  in  others.  What  I  say  is  that  if  the  great  basin  of  the 
St.  Lawrence  has  been  eroded  by  this  agency,  all  land  Mnfftoes  msit 
have  perished  in  the  process. 

2.  I  have  never  denied  that  some  moraine  accumulates  beneath 
ice.  What  I  say  is  that  nearly  all  of  it  travels  out  to  the  ice 
termination.  If  it  does  not,  how  can  valleys  and  basins  be  eroded 
by  ice  ?  If  the  bulk  of  what  is  degraded  remains  beneath  the  ice, 
no  basin  can  result;  for  the  moraine  would  to  the  same  extent 
supply  the  place  of  the  rocks  degraded.  It  is  only  near  the  termi- 
nation of  the  glacier  that  any  considerable  quantity  of  the  moraine 
accumulates  beneath  the  ice.  This  (as  distinguished  from  the  first 
accumulated  portion  of  it,  which  resting  on  the  middle  glacial  for 
the  most  part,  though  not  always,  was  formed  by  the  dropping  of 
the  moraine  from  floe-ice)  I  consider  to  have  been  the  origin  of  that 
later  part  of  the  chalky  clay  which  covers  Lincolnshire,  'Huntingdon- 
shire, Cambridgeshire,  and  the  adjoining  district,  accumulated  in  this 
way  when  the  glacier  which  I  have  described  as  coming  southwards 
over  Lincolnshire  terminated  in  the  sea  some  twenty  or  thirty  miles 
west  of  the  Fen  boundary;  as  well  as  of  that  which  forms  the 
basement  clay  of  Holdemess,  which  accumulated  from  an  arm  of 
this  glacier  that  came  through  the  Humber.  All  this  moraine,  as  I 
hope  some  day  to  show  in  detail,  was,  except  in  two  or  three  limited 
spots,  left  beneath  the  sea  as  the  ice  wasted  away.  The  part  in 
Holdemess  being  followed  by  the  depression  northwards  which 
brought  over  the  Shap  blocks,  was  succeeded  unintemiptedly  by 
another  deposit  of  material  from  a  different  source,  the  purple  clay ; 
while  the  rest  being  in  shallow  water  emerged  before  any  such  new 
deposit  could  form  over  it 

3.  Mr.  Qeikie  speaks  thus  of  sands  escaping  the  action  of  the 
overriding  ice,  viz.:  ''Where  the  gradually  decreasing  ice-sheet 
crawled  slowly  to  its  termination,  we  discover  considerable  accumu- 
lations of  Till,  resting  upon  apparently  undisturbed  beds  of  gravel, 
«and,  and  clay  " ;  and  again  he  says,  "  That  an  ice-sheet  does  under 
certain  conditions  ride  over  incoherent  deposits  of  gravel,  sand,  silt, 
day,  and  peat  without  entirely  obliterating  them." 

Possibly  the  latter  of  these  two  statements  may  to  some  extent  b^ 
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true,  but  not  the  former.  Let  us  test  the  case  by  that  of  the  North 
Suffolk  Cliff,  which  from  Eessingland  to  Tarmoath,  a  distance  of 
fifteen  miles,  forms  the  nataral  section  of  a  tract  of  country  of  similar 
structure  which  extends  inland  for  nearly  forty  miles;  and  over 
which  tract,  whenever  pits  show  the  junction  of  the  sand  with  the 
clay,  they  disclose  exactly  the  same  features  attending  it  as  the  cliff 
does.  Now  this  cliff,  except  where  the  valley  denudation  interrupts 
it,  is  formed  by  a  continuous  deposit  of  undisturbed  horizontally 
bedded  sand,  containing  marine  moUusca  and  other  marine  organ- 
isms, overlain  nearly  throughout  by  the  morainic  clay,  often  twenty, 
and  averaging  fully  twelve  feet  in  thickness,  the  junction  of  the  two 
being  absolutely  undisturbed  except  in  one  or  two  places  where,  for 
a  space  of  a  very  few  yards  only,  the  clay  slightly  dents  into  and 
disturbs  the  top  of  the  sand,  showing  as  it  appears  to  me  places 
whpre  floes  grounded;  and  the  only  departure  from  this  in  the 
district  inland  is  that  bosses  of  the  contorted  Drift  occasionally 
protrude  there  through  the  sands.  Now  1  say  that  it  is  a  physiod 
impossibility  that  the  whole  of  this  thick  sheet  of  morainic  olay, 
fifteen  miles  wide  by  forty  long,  can  have  been  dragged  for  forty 
miles  over  the  sand  without  either  crumpling  or  destroying  it  in  the 
least,  and  without  incorporating  part  of  such  sand  and  of  the  contorted 
Drift  bosses  into  itself.  This  impossibility  becomes  more  striking 
if  we  supplement  the  weight  of  this  sheet  of  clay  by  the  many-fold 
greater  weight  of  the  ice  which  Mr.  Geikie  contends  overlaid  and 
dragged  it,  ''  gradually  diminishing  "  though  that  ice  may  have  been 
from  the  prodigious  thickness  usually  appealed  to  by  Mr.  Gkikie. 

I  hope  that  in  the  above  1  have  made  the  distinction  between 
our  views  clear ;  and  I  venture  to  think  that  Mr.  Oeikie,  with  his 
numerous  interglacial  periods,  his  exaggerated  ice-sheets,  and  his 
assumption  of  the  truth  of  Dr.  Croirs  theory,  is  hardly  the  person 
who  should  charge  those  who  differ  from  him  with  "  preconceived 
ideas  "  in  glacial  geology.  S.  V.  Wood,  jun. 

Febbuabt  16, 1878. 


ON  THE  TRILOBITES  OF  THE  SHINETON  SHALES. 

Stb, — Among  the  fossils  described  in  Mr.  Callaway's  interesting 
paper  on  the  Upper  Cambrian  Rocks  in  South  Shropshire  (Quart 
Journ.  Geol.  See.,  vol.  xxxiii.  p.  652  seqq.),  there  are  some  Trilo- 
bites  of  whose  relations  to  forms  previously  known  I  might  venture 
a  few  suggestions. 

I  do  not  think  that  Conocoryphe  monile  is  very  nearly  related  to 
such  species  as  C,  striata.  By  the  strongly-lobed  glabella  and  tlie 
dotted  marginal  furrow,  it  approaches  to  Angelinas  Euloma,  a  genus 
characteristic  of  the  Swedish  Ceratopyge  Limestone,  which  occupies 
about  the  same  position  as  the  English  Upper  Tremadoc.  The  fauna 
of  the  Ceratopyge  Limestone  is  decidedly  Lower  Silurian,  but  also 
the  Tremadoc  group — at  least  the  Upper — has  to  me  always  seemed 
to  be,  palseontologically,  more  related  to  the  Silurian  than  to  the 
Cambrian.    The  Lower  Qraptolite  Schists  immediately  overlying  the 
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Ceraiopyge   Limestone  are  a  distinct   equivalent  of  the  English 
Skiddaw. 

Conophrya  can  hardly  be  separated  from  the  Shumardia  of  Billings 
(Pal.  Foss.  Canada,  vol.  i.  p.  92),  which  occupies  a  somewhat 
similar,  perhaps  a  little  higher  horizon.  To  the  same  genus  pro- 
bably also  belongs  the  Battua  puaillus  of  Sars  (Isis,  1835,  p.  334, 
t.  viii.  fig.  2^=Agnostu8  or  Olenus  pu8illu8,  Kjerulf),  which  occurs  near 
Ohristiania  together  with  Ceraiopyge  forficula. 

As  to  lAchapyge,  it  cannot  have  any  affinity  to  Paradoxides,  and 
hardly  to  lAchae.  1  little  doubt  that  it  is  most  nearly  allied  to 
Bemopleuridea,  if  not  a  true  Bemopleurides.  In  some  species  of 
Bemopleuridea,  as  B.  doTMoapinifer,  Portl.,  it  is  very  usual  to  find  the 
pygidium  united  with  the  two  hindmost  thoracal  segments.  The 
fossil  described  as  Lichapyge  would  have  almost  the  same  shape,  if 
the  terminal  limb  had  two  denticles  on  either  side. 

The  subgenus  Flaiypeliis  seems  to  be  more  nearly  related  to 
Niohe  than  to  the  genuine  ABaphi.  Also  Niobe  is  characterized  by 
not  having  the  hypostoma  forked.  G.  Linnabsson. 

Gbol.  Susybt  Officb,  Stockholm,  March  4M,  1878. 


GEOLOGICAL  MAP  OF  SCOTLAND. 

Sm, — Since  the  publication  of  my  review  of  Prof.  Geikie's  Geo- 
logical Map  of  Scotland,  it  has  come  to  my  knowledge  that  the  vast 
xnaife  of  new  detail  inserted  thereupon  in  the  areas  south  of  the 
Chrampians,  instead  of  being  due  to  a  digest  of  Survey  work,  is  in  truth 
the  result  of  the  author's  recent  personal  investigations.  The  map 
has  been  the  constant  occupation  of  his  leisure  hours  for  many  years, 
his  summer  holidays  being  generally  given  up  to  journeys  for  its 
extension  and  improvement.  Even  the  remarkably  minute  mapping 
of  the  Old  Ked  and  Volcanic  series  of  Fife  and  Forfar,  the  trappean 
belt  of  the  Solway,  etc.,  noted  by  us  for  especial  commendation, 
was  completed  by  himself  before  the  Survey  moved  into  those  dis- 
tricts. Though  this  deprives  the  map  of  anything  like  an  official 
character,  it  adds  much  to  its  general  reliability.  It  is  indeed  highly 
satisfactory  to  feel  assured  that  all  the  new  work  is  by  the  same 
hand,  and  that  consequently  the  details  throughout  are  as  trustworthy 
as  those  within  the  areas  already  covered  by  the  Survey.  Looked 
upon  as  the  simple  product  of  individual  original  research,  the  map 
is  a  monument  of  rare  geologic  skill  and  energy.  The  author  is  to 
be  congratulated  on  having,  single-handed,  accomplished  his  task 
with  a  perfection  and  completeness  that — ^however  widely  views 
may  differ  as  to  the  expediency  of  his  new  systematic  arrangements 
— ^has  charmed  all  those  whose  opinion  is  worthy  of  a  moment's  con- 
sideration. Ghas.  Lapwobth. 
St.  Andrews,  Ifareh  20th, 

DR.  CARL  MAYER  ON  THE  ITALIAN  TERTIARIES. 

Sm, — In  the  last  number  of  the  ''BoUetino  del  E.  Comitate 
Qeologico  d'ltalia  "  there  are  again  several  important  papers  on  the 
Italian  Tertiaries,  but  that  of  Dr.  Carl  Mayer  calls  for  special  &ttA\i.- 
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tioa.  Some  few  years  ago  Dr.  Mayer  published  a  paper,  *'  XTeber  die 
Kummuliteii-Oebilde  Ober  Italiens,"  in  which  he  correlated  the 
Lower  Tertiaries — which  have  in  this  peninsula  their  most  import- 
ant extension  in  the  north-east,  as  in  the  Yioentine,  and  the  present 
may,  to  a  certain  extent,  be  looked  upon  as  a  continuation  of  that 
communication. 

This  is  a  translation  of  a  note  on  a  coloured  map  of  the  north- 
western parts  of  Italy,  which  was  presented  to  the  G^logioal  Society 
of  France  in  1877,  and  refers  to  the  Miocene  and  Pliocene  forma- 
tions which  occur  in  Central  Liguria. 

According  to  Dr.  Mayer  these  Miocene  and  Pliocene  beds,  from 
the  Ligurian  to  the  Astian,  have  here  a  thickness  of  22,000  to  23,000 
feet  When  we  consider  how  much  more  laigely  the  last  two  etages 
of  the  Tertiaries  are  developed  in  the  South  of  Italy,  we  do  indeed 
see  that  the  relative  lengtii  of  the  Tertiaries  has  been  bat  im- 
perfectly appreciated.  Nor,  in  considering  the  Gainozoic  period,  as 
a  whole,  should  it  be  forgotten  that  the  Lowest  Tertiaries  are  less 
developed  in  Italy  than  in  many  places,  and  that,  to  get  an  idea  of 
the  time  during  which  Eocene  formations  were  being  deposited,  we 
must  look  to  India. 

Prof.  Mayer  is  now  willing  to  increase  the  calculation  as  to  time 
of  some  of  his  etages,  and  thinks,  for  instance,  he  can  now  allow  us 
as  a  minimum  for  the  Messinian  40,000  years  instead  of  25,000. 
This  may  be  satisfactory  as  fisir  as  we  think  it  has  any  signification ; 
but  we  must  say  that  we  have  but  little  sympathy  with  these 
attempts  to  fix  even  a  minimum  for  each  stage,  until  we  are  in 
possession  of  more  facts.  Prof.  Mayer,  however,  gives  us  his  ideas 
of  time  for  each  of  his  divisions. 

These  papers  show  the  importance  of  Mayer*s  attempts  to  intro- 
duce a  uniform  nomenclature  for  the  divisions  of  the  Tertiaries,  and 
his  terms,  if  generally  introduced,  would  prevent  us  finding  Italian 
deposits  called  "  Schlier,"  "  Leithakalk,"  "  Sarmatische  stufe,"  etc. 

A.  W.  Watebs. 


TERMINAL  CUEVATURE  IN  WEST  SOMERSET,  ETC. 
Sib, — You  would  oblige  by  finding  space  for  a  few  remarks  on  a 
very  controversial  paper  by  Mr.  Ussher,  which  has  just  appeared  in 
the  Quart.  Joum.  GeoL  Soc.  About  ten  years  ago  I  communicated 
a  paper  to  the  Geological  Society  on  what  I  called  the  Terminal 
Curvature  of  Slaty  Laminsa  (principally  on  the  flat  summit  of 
Brendon  Hill,  Somersetshire),  and  suggested  a  number  of  causes  for 
the  consideration  of  geologists,  none  of  which  I  confidently  advocated. 
So  far  as  I  can  remember,  all  the  geologists  who  afterwards  ex- 
pressed their  opinion  on  this  and  other  instances  of  terminal  curva- 
ture agreed  with  me  in  preferring  the  idea  that  ice  in  some  form 
had  been  the  moving  agent,  with  the  exception  of  Mr.  Darwin,  who 
stated  that  he  had  attributed  somewhat  similar  phenomena  in  S. 
America  to  earthquakes.  I  will  not  occupy  your  valuable  space  by 
controverting  all  the  objections  which  Mr.  Ussher  has  brought 
A2y]  to  mj  suggestions;   but  on  reconsidering  the  subject,  I 
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cannot  help  believing  that  land-ioe  or  floating-ice  would  have 
famished  a  more  uniformly -directed  and  horizontally-operating  cause 
of  the  curving  back  of  slaty  laminae  over  a  large  area  on  the  flat 
summit  of  Brendon  Hill  than  the  agency  principally  advocated  by 
Mr.  Ussher,  namely,  **  oft-repeated  internal  movements,"  producing 
curves,  flexures,  and  contortions,  and  revealed  at  the  surface  by  the 
planing  action  of  denuding  agents.  The  chances  against  the  irre- 
gularly-degrading  action  of  subaerial  denuding  agents  having  stopped 
short  over  a  large  area  along  the  horizontal  plane  where  the  summit 
of  the  curved-back  slaty  lamin»  occurs,  must  have  been  exceedingly 
small,  while  the  presence  of  blocks  of  quartz  imbedded  in  the  more 
shattered  parts  of  the  curved-back  laminss  (blocks  which  must  have 
been  carried,  or  pushed  forward,  on  perfectly  level  ground,  to  con- 
siderable distances  from  th.eir  native  veins)  cannot  be  reconciled 
with  the  internal  movement  theory.  Mr.  Dssher  regards  the  "  Head  " 
as  a  subaerial  accumulation,  but  Sir  E.  I.  Murchison  long  ago,  and 
Mr.  Belt  and  Prof.  Prestwich  lately,  have  proved  that  it  must  have 
been  deposited  under  the  sea  or  an  immense  ice- water  lake.  It  may 
yet  turn  out  to  be  equivalent  to  the  Upper  Boulder-clay  of  the 
North-west  of  England.  Neither  can  I  agree  with  Mr.  Ussher  in 
supposing  that  the  south-western  counties,  any  more  than  the  north- 
western, underwent  a  **  great  surface- waste  and  contour-moulding  in 
Pleistocene  times."  In  the  north-west  no  fact  forces  itself  more  on 
the  attention  than  the  Preglacial  origin  of  all  the  leading  varieties 
of  surface-configuration,  especially  the  valleys.  This,  I  believe,  is 
admitted  by  all  geologists  who  have  studied  the  subject. 

D.  Magkiktosh. 
P.S. — Since  the  above  was  written,  I  have  noticed  that  Mr.  Ussher 
regards  the  'intrusion  of  roots  acting  as  wedges"  as  the  ''most 
common  cause  of  strictly  superficial  curvature."  In  all  the  instances 
described  in  my  paper  in  the  Quart  Joum.  Geol.  Soc.,  for  November, 
1867  (excepting  the  one  at  Gupworthy),  the  curving  back  of  the 
slaty  laminas  is  confined  to  a  space  only  a  few  feet  in  depth.  A  very 
little  reflection  must  show  that  the  intrusive  action  of.  roots  could 
never  have  persevered  in  one  direction  in  bending  back  the  inclined 
lamince  against  their  nap.  With  regard  to  the  comparative  absence 
of  curved-back  laminsB  on  the  northern  slope  of  Brendon  Hill,  if 
the  direction  and  high  angle  of  the  cleavage  dip  be  there  the  same 
as  on  the  summit  of  the  hill,  Mr.  Ussher  is  not  right  in  implying 
that  ice  moving  up  to  the  northern  slope  would  encounter  more 
resistance  from  the  nap  of  the  laminse  than  on  the  summit,  as  a 
Bimple  diagram  will  show.  D.  M. 


SooiBTT  OF  Arts  Blowpipe  Prize. — The  Council  of  the  Society 
of  Aicts  has  awarded  to  two  Comishmen,  Messrs.  Letcher  of  St  Day 
and  Camborne,  the  Silver  Medal  of  the  Society,  and  a  Prize  of  £10, 
for  the  best  set  of  Blowpipe  Apparatus  which  could  be  sold  retail 
for  One  Guinea. 
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Note  on  '  Jadsits  '  and  '  Jade.'  *    By  Thomas  Davies,  F.G.S. 

Jadeitb  (Damour). 

Speoifio  gravity  8*28  to  8-4 ;  hardness  6*6  to  7.  Colours  milky- 
white,  with  bright  green  veins  and  splotches,  greenish-grey,  bluish- 
grey,  clear  grey  and  translucent  as  chalcedony,  orange-yellow, 
smoky -green  passing  to  blsM^k,  apple-green,  sometimes  emerald-green, 
all  the  green  tints  as  a  rule  much  brighter  than  in  the  Oriental  jade, 
also,  but  rarely,  of  violet  shades.  Texture  from  compact,  to  crypto- 
crystalline,  and  distinctly  crystalline,  sometimes  coarsely  so ;  fibro- 
lamellar,  opaque  to  translucent  and  sometimes  transparent. 

Thin  splinters  will  fuse  in  the  flame  of  a  spirit  lamp.  Damour, 
from  analyses  made  by  him,  suggests  its  affinities  to  the  epidotes. 

Localities, — Central  Asia,  and  particularly  China  ;  also  as  articles 
worked  by  the  Aztecs,  Mexico. 

Oriental  Jade  (Damour).' 

Specific  gravity  2*96  to  8*06  ;  hardness  5'5  to  B*6.  Colours  white 
and  white  variously  tinted,  greenish-grey,  many  shsules  of  green. 
Texture  mostly  compact,  rarely  cryptocrystalline. 

Found  chiefly  in  Central  Asia,  particularly  in  China  and  on  its 
borders.     Also  in  New  Zealand  and  the  Pacific  Islands  generally. 

Specific  gravity  of  upwards  of  100  specimens  from  New  Zealand 
determined  by  myself  have  been  within  the  limits  of  8*00  to  8*02, 
by  far  the  larger  number  giving  8*01. 

Ooeanio  Jade  (Damour). 

Specific  gravity  8*18;  hardness  5'5  to  6*6.  Of  this  variety  I 
possess  no  personal  experience,  the  large  number  of  objects  of 
jade  which  have  come  under  my  observation  not  having  yielded 
me  one  example.  Damour,  however,  who  examined  four  specimens, 
states  that  in  its  aspect  and  general  characters — with  the  exception 
of  its  density — it  much  resembles  the  Oriental  jade.  It,  however, 
possesses  a  somewhat  silky  lustre,  due  to  exceedingly  delicate  fibres 
which  traverse  the  mass.  I  have  met  with  this  structure  frequently 
however  in  the  jade  from  New  Zealand,  which  possessed  the  density 
of  3*01.  From  an  analysis  Damour  refers  it  to  the  pyroxene  group, 
whereas  the  Oriental  is  referable  to  hornblende.  Vars.  Tremolite  or 
Actinolite. 

Found  in  New  Caledonia  and  Marquise  Island,  PsM^ifio. 

None  of  these  minerals  to  my  knowledge  have  been  met  with  in 
situ  in  Europe,  though  the  British  Museum  possesses  a  fragment  of 
unworked  Oriental  jade  purporting  to  have  been  found  in  Turkey. 

^  The  above  Note  was  communicated  by  my  friend  Mr.  Dayies  to  the  translator 
of  **  Keller's  I.ake-Dwellings,"  and  appears  in  the  Appendix  to  the  second  edition 
of  that  work,  just  issued  by  Messrs.  Longmans.  Ita  object  is  to  correct  some  inac- 
curacies regarding  the  use  of  the  terms  *  Nephrite,'  *  Jade,'  *  Jadeite/  etc.  It 
apj)eared  to  be  so  interesting  that,  with  the  writer's  permission,  it  is  reprinted 
here. — Edit.  Geol.  Mao. 

'^  Damour  makes  the  old  name  *  Nephrite '  a  synonym  both  of  Oriental  and  Oceanic 
Jade ;  the  term  Nephrite  being  generally  abandoned  by  Mineralogists. — T.D. 
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I. — Notes  on  the  Deyoniaks  and  Old  Ked  Sandstone  of  North 

AND  South  Devon. 

By  A.  Chakpsritownb,  M.A.,  F.G.S. 
(PLATES  V.  AKD  VI.) 

IT  may  seem  to  many  geologists,  accustomed  to  speak  of  the 
"  simple  order  of  North  Devon,"  a  somewhat  miusual  process 
to  fall  back  on  the  more  troubled  districts  of  the  southern  division 
of  the  County  for  evidence  upon  which  to  take  one's  stand  in 
interpreting  ^e  grand  facts  of  succession  within  the  original 
"Devonian"  area,  Devonshire.  That  is,  however,  the  plan  of 
campaign  which  I  shall  adopt;  but  instead  of  publishing  the 
paper  I  read  last  year  before  the  British  Association,  in  Section  C,  at 
Plymouth  (which  will  appear  in  abstract  in  the  Annual  volume  of 
Beports),  I  will  only  recapitulate  the  facts  I  then  brought  forward, 
relating  to  the  southern  limestones  of  Torbay. 

In  doing  so,  my  chief  reason  is  that  I  have  heard  the  value  of 
that  evidence  denied,  and  the  original  reading  of  the  section  strictly 
adhered  to. 

In  the  two  diagrams  on  Plate  YL  Figs.  1  and  2,  (1)  represents  the 
limestone  of  Berry  Head,  and  the  flap  of  the  same  south  of  Mudstone 
Bay ;  (2)  the  slates  of  Mudstone  Bay ;  (2^)  the  slaty  rocks  of  a 
slightly  different  aspect  south  of  the  limestones ;  (3)  red  sandstones 
corresponding  to  those  of  Staddon  Heights  and  Mount  Edgecumbe  ; 
(4)  intrusive  trap  altering  the  rocks  at  the  contact ;  (c^)  haematite 
iron-ore  deposited  in  the  hollows  of  the  limestone,  and  not  a  bed, 
as  sometimes  represented. 

It  will  be  observed  that  (1^)  is  a  trough  of  the  limestone  beds, 
the  bottom  of  which  is  clearly  seen;  dose  beyond  it  unites  with 
the  main  mass.  The  right-hand  tongue  of  trap  forms  the  extreme 
headland  of  Sharkham  Point,  the  limestone  adjoining  it  on  the 
nght  being  nearly  vertical,  whereas  it  sets  on  at  the  southern  end  of 
Mudstone  Beach  at  an  angle  not  greater  than  45^ 

Now  I  contend  that  in  the  minor  trough  which  we  can  see,  we  are 
furnished  with  a  direct  clue  to  the  structure  of  the  main  mass,  the 
bottom  of  which  is  not  seen,  but  is  at  some  depth  below  the  scel 
I  believe  that  such  dotted  lines  as  those  in  diagram  (1)  are 
natural,  but  that  those  of  diagram  (2)  are  scarcely  conceivable. 
The  minor  trough  cannot  be  ignored,  and  I  cannot  imagine  it 
possible  that  a  portion  of  the  slates  (2^)  can  have  been  introduced 
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between  the  two  parts  of  limestone  if  they  (the  slates)  are  really 
newer  beds.  Therefore  I  conclude  that  they  are  not  newer  beds, 
but  that  all  the  rocks  on  the  left  of  the  diagram  are  older  than  the 
limestones.  This  brings  the  Ked  Sandstones  (3)  into  direct  and 
natural  relation  with  those  of  Gockington,  the  Warberry,  Lincombe, 
etc.,  at  Torquay,  which  are  beneath  the  limestones. 

I  may  add  that  thick-bedded  red  sandstones  on  the  strike  of 
(3)  in  the  Hal  well  Valley,  nine  miles  to  the  westwards,  dip  north,  the 
Harbertonford  limestone  also  dipping  north,  though  tlurown  by  a 
M.  and  S.  fault  on  its  east;  and  I  believe  that  as  soon  as  the 
boundaries  shall  have  been  accurately  surveyed,  the  real  infraposition 
of  the  red  sandstones  will  be  established  beyond  doubt. 

Now,  having  at  Plymouth  received  from  my  opponents,  of  whom 
not  the  least  formidable  was  my  friend  Mr.  Pengelly,  our  Sectional 
President,  a  sort  of  challenge  to  study  North  Devon,  about  a  month 
later  I  took  the  hint,  especisJly  as  I  had  not  visited  that  part  of  the 
country  since  the  time  when  I  held  opinions  widely  differing  from 
those  I  now  believe  to  be  true. 

I  first  went  to  the  north  side  of  Morte  Bay  to  see  the  Morte 
slates  dose  to  their  junction  with  the  Pickwell  Down  sandstones, 
and  I  give  my  notes  almost  as  I  took  them. 

Between  Barricane  Beach  and  Woolacombe  the  Morte  slates  dip 
at  65°  and  70°  S.,  crossed  by  cleavage  dipping  north  at  about  tlie 
same  angle;  the  latter  dip  was  obvioruBly  not  due  to  ''surface 
bending,"  though  that  is  sometimes  seen  in  the  neighbourhood.  The 
reefs  are  a  mass  of  jagged  edges  formed  by  the  two  sets  of  planes. 
Some  very  even  quartz  veins  stand  in  the  plane  of  the  cleavage,  and 
also  vertical. 

The  slate  is  here  distinctly  bedded.  Some  beds  are  coarse  and 
brownish,  semi-arenaceous.  One  bed  of  brown  sandstone  3  ft.  6  iu. 
thick,  obliquely  traversed  by  quartz  veins,  is  just  like  the  Ilfracombe, 
etc.,  grits.  With  these  exceptions,  the  character  which  the  Morte 
slates  bear  of  "fine-grained,  smooth,  glossy  slates,"  will  apply  to 
them  very  close  to  the  junction. 

Still  nearer  Woolacombe  the  beds  bend  over  as  they  rise,  evidently 
forming  part  of  a  great  denuded  curve,  as  shown  in  the  accompany- 
ing sketch,  Plate  VI.  Fig.  3.  The  spot  is  about  200  paces  from  the 
foot  of  the  blown  sands,  as  near  as  I  could  take  it  for  the  advancing 
tide.     Still  nearer  the  sand  hills  the  beds  dip  80°  S. 

This  curve,  if  not  large  enough  singly^  forms  probably  one  of  a 
series  of  curves  which  would  carry  the  beds  right  over  Pickwell 
Down,  bringing  them  in  again  on  the  south. 

Where  the  brook  cuts  through  the  sand  hills  at  the  Life-Boat 
House  are  some  very  smooth  slates  belonging  to  the  Morte  series. 
About  600  paces  south  of  the  Boat  House  is  a  reef  of  grey  and 
purplish  sandstones  and  slates  dipping  S.  65°.  These  should  pro- 
bably be  included  in  the  Old  Bed  Sandstone ;  the  boundary-line  at 
any  rate  must  be  drawn  somewhere  about  the  foot  of  Potter's  HilL 

The  tide  being  almost  full,  I  was  unable  to  see  much  of  the  reefe 

leb,  according  to  Mr.  Etheridge,  are  very  well  shown ;  but  as  long 
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as  there  is  the  slightest  misgiving  tis  to  the  Piclrwell  Down  beds 
being  intercalated  between  the  rocks  north  and  south  of  them,  they 
cannot,  of  course,  help  us  in  estimating  the  total  thickness  exposed. 

In  a  country  which  has  been  so  enormously  subjected  to  denu- 
dation, the  existence  of  such  gigantic  curves  must  be  extremely 
difficult  of  proof,  however  strong  may  be  one's  suspicions,  amount- 
ing to  moral  certainty. 

We  often  hear  of  the  simplicity  of  North  Devon.  I  confess  I 
cannot  see  it.  Faults  may  be  rare,  and  igneous  rocks  rarer  still. 
But  the  instances  of  contortions  with  inversion,  on  a  small  and 
medium  scale,  are  almost  innumerable,  and  lead  one  to  suspect  the 
existence  of  far  grander  ones.  Any  evidence  of  such  is  not  to  be 
put  aside  without  due  examination. 

Now,  Mr.  Etheridge  states  that  the  Morte  slates  cannot  possibly 
be  the  same  as  the  Pilton,  etc.,  slates  thrown  off  south  of  the  Old 
Bed  ridge  that  runs  into  Somersetshire.  He  considers  there  is  on 
the  north  a  total  absence  of  the  brown  sandstones  containing  CuevUaa 
and  other  fossils,  which  form  a  debatable  ground  between  the  Old 
Red  and  the  true  Carboniferous  slates  of  Piltx)n,  etc. 

But  even  if  we  admit  this,  it  is  nothing  more  than  what  happens 
in  many  other  districts.  In  the  slate  country,  for  example,  west  of 
the  Dartington  and  Ogwell  limestones,  there  is  not  a  trace  worth 
mentioning  of  the  brown  and  grey  grits  and  gritty  slates  (with 
Pleurodictyum,  Chonetea,  etc.),  which,  in  Meadfoot  Bay,  underlie  in 
force  the  Torquay  limestone. 

The  Baggy  brown  sandstones,  the  Meadfoot  and  Looe  Pleuro- 
dictyum  beds,  the  Coomhola  grits,  and  the  brown  grits  from  Combe 
Martin  Bay  to  Ilfracombe,  with  many  others  (including  the  Spiri- 
feren-Sandstein),  fall,  as  I  believe,  into  one  and  the  same  general 
horizon.     In  most  of  these  "  Pleurodictyum  "  itself  occurs. 

The  peculiarly  glossy  character  of  the  Morte  slates  may,  I  think, 
be  accounted  for  by  the  very  perfect  cleavage,  which  is  repeatedly 
cutting  the  undulated  beds  at  right  angles.  Throughout  the  greater 
part  of  the  Morte  slates  it  is,  as  Mr.  Etheridge  says,  most  difficult  to 
distinguish  the  bedding  from  the  cleavage :  still,  making  every 
allowance  for  peculiarities,  I  felt  fully  convinced  that  all  the  rocks 
from  Combe  Martin  to  Woolaoombe  constitute  but  one  system,  and 
that  any  division  of  them  into  Ilfracombe  beds  and  Morte  slates 
must  be  purely  artificial. 

It  may  not  be  so  easy  at  first  sight  to  account  for  the  absence  of 
calcareous  matter  near  the  southern  side  of  the  slate  country  which 
intervenes  between  the  two  tracts  of  red  sandstones.  There  are, 
however,  many  considerations  which  may  help  to  explain  it,  besides 
the  possibility  of  thinning  out.  From  Combe  Martin  westwards  the 
series  is  excessively  contorted,  repeating  the  same  beds  again  and 
again,  with  the  same  general  dip.  At  Broadsand,  on  the  west  side  of 
Combe  Martin  Bay,  an  inclined  limestone  Y,  inclosed  in  an  off- 
standing  rock,^  comes  into  the  country  again  at  the  Turnpike  road 

*  A  photograph  in  Frith*8  Series,  No.  6901,  shows  this  admirably.    In  fact  much 
of  the  details  might  be  noted  down  on  the  Six-inch  Maps,  from  the  ^«&\i  'unss^^^x 
of  excelWt  photographs  which  iiiustrate  this  coasU 
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high  «boTe»  only  to  be  again  doubled  oat;  neither  do  I  think  it 
uudkeft  ICOod  its  deaoent  to  any  depth,  but  is  ultimately  underlain  to 
th»  soath.' 

I  next  studied  the  seotion  on  the  east  side  of  Gombe  Martin  Bay, 
«nd  saw  the  Stringocephahu  grits  in  siiii.  I  was  struck  by  the 
identity  of  the  red  and  variegated  sandstones  of  the  Hangman  with 
those  of  the  Smuggler's  Cove  near  Torquay,  where  Mr.  E.  B.  Tawney 
found  Myalina  (jand  NcUieaf)  '<in  beds  resembling  the  Hangman 
sandstones." 

The  Coomhola  grit  series  succeeding  is  also  in  every  respect 
identical  with  the  Plenrodicitfum  beds  at  Meadfoot.  The  blackish 
slates,  with  cleavage  crossing  contorted  brownish  seams,  the  gritty 
slates  and  thin  grits,  the  massive  brown  grits  and  the  fuooidal  (?) 
remains,  are  all  one  and  the  same  from  both  bays.  The  boundary- 
line  in  West  Challacombe  Bay  is  well  defined.  At  Torquay  it  cor- 
responds with  a  combe  on  the  eastern  side  of  the  Linoombe  Hill. 
About  the  identity  of  these  two  horizons  there  can  hardly  be  a  doubt 

But,  and  I  hope  Mr.  Etheridge  will  forgive  me  for  being  so 
troublesome,  I  think  the  Woolacombe  horizon  is  also  the  same 
iwoerUd,  and  that  the  Morte  slates  are  the  same  as  those  we  have 
been  considering,  but  deposited  under  deeper-sea  conditions,  as 
indicated  by  the  finer  sediment 

The  gritty  series  at  nfracombe,  where  I  was  staying,  is  far  less 
than  its  apparent  thickness,  owing  to  the  great  crumpling  of  the 
rocks,  and  corresponding  portions  on  either  side  of  a  violently  con- 
torted trou^  must  have  been  actually  brought  closer  together  in 
horizontal  distance  than  they  were  before  any  disturbance  had  taken 
place,  so  that  the  change  is  less  sudden  than  it  appears.' 

Then  again,  with  the  country  south  of  Tavistock, — for  miles 
around  Buckland  Monachorura,  and  Horrabridge,  there  is  not  a  ves- 
tige  of  a  real  grit  band  in  the  Devonian  slates,  which,  in  every  re- 
spect are  the  same  as  the  Morte  slates,  but  most  geologists,  I  appre- 
hend, would  agree  that  they  (the  slates  of  Horrabridge,  etc.)  are  not 
newer  than  the  Plymouth  limestone  on  the  one  hand,  or  tlie 
Petherwin  beds  on  the  other. 

Supposing  the  Pick  well  Down  sandstones  to  be  really  above  the 
Morte  slates,  they,  together  with  the  fossiliferous  series  overlying 
them,  must  be  wholly  unrepresented  in  South  Devon,  because  (ex 
hyp,)  they  cannot  be  any  of  the  red  beds  of  South  Devon  mentioned 
at  the  outset,  all  of  which  can  be  proved  older  than  the  slates  and 
limestones.  Every  recorded  instance  of  even  apparent  conformity 
between  the  Culm  Measures  and  Devonians,  whether  slate  or  lime- 
stone, brings  this  conclusion  nearer  the  verge  of  impossibility,  the 
argument  becoming  cumulative.' 

^  I  do  not  yentnre  to  say  that  there  is  but  one  limestone  horizon,  bat  there  are 
certainly  not  so  many  as  there  are  bands  on  the  map. 

*  This  is  not  a  more  striking  change  than  that  the  Wenlock  formation  should  in 

one  tract  consist  of  the  Denbighshire  grits,  inseparable  from  its  lower  portions,  in 

another  of  the  Llantysilio  flagstones,  and  tiiirdly  of  the  soft  calcareous  shales  and 

limestones  of  Siluria. 

^^^  *  J  shall  not  now  dwell  upon  this  aspect  of  the  subject,  riz.  the  relations  of  die 

^BCSkZeez  Meaaurea  and  DeronianB.  Mr.  11,  B.  'Wood^vcd  vnd  ^.  Beid  (of  H.  M.  Geo- 
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I  would  also  reason  thus : — ^If  we  cany  a  formation,  some  thou- 
sands of  feet  thiok,  at  a  high  angle,  to  an  unknown  depth,  we  are 
boand  to  show  that  it  comes  up  again  somewhere  in  some  form  or 
other,  unless  where  a  whole  kingdom  is  masked  bj  transgressive 
rocks,  it  may  be  Mesozoic  or  newer  rocks.  So,  conversely,  if  the 
Staddon  sandstones,  with  southerly  dip,  have  swept  over  the  Fly- 
mouth  limestone  and  come  down  from  the  sky,  where  did  they 
go  upf  The  Pickwell  Down  sandstones  go  dovm  south,  under 
the  Culm  trough,  so  that  will  not  do. 

But  if  the  Staddon  beds  are  simply  racked  up,  and  the  curve 
cut  away,  then,  in  all  probability,  they  would  themselves  be  the 
equivalents  of  the  Pickwell  Down  beds ;  and  similar  reasoning  would 
apply  to  the  latter  in  reference  to  the  Hangman  beds  further  north. 

It  makes  no  differenoe  to  the  argument  whether  the  group  is 
everywhere  continuous  over  the  mineral  axis  of  the  two  counties. 
But  that  sandstones  and  quartzites,  whether  red  or  no,  do  underlie 
the  killas  in  some  districts  south  of  the  Culm  Measures,  the  St. 
Breock's  anticlinal  west  of  Bodmin  clearly  shows. 

As  far  as  I  have  gone  hitherto,  the  evidence  is,  to  my  mind,  all  in 
favour  of  Jukes's  views,  if  only  for  "great  fault"  we  substitute 
"  inverted  anticlinal,"  his  alternative  hypothesis :  showing,  in  short, 
that  while  the  amount  of  disturbance  is  well-nigh  incredible,  the 
original  order  was  comparatively  simple. 

Again  and  again,  formerly,  have  I  returned  home  perplexed, 
utterly  unable  to  decide  whether  I  had  been  working  in  upper  or 
lower  slates,  so  contradictory  was  the  evidence.  One  quarry,  that 
of  Engleboume,  where  occurred  in  fair  preservation  fossils^  like 
those  of  Wissenbach,  Bundenbach,  etc.,  deep  below  the  Eifel  lime- 
stone, came  within  a  tract  shaded  on  Dr.  Holl's  map  "  Upper  South 
Devon"! 

But  since  I  have  oome  to  regard  the  Devonian  slates  in  their 
entirety  as  one  system,  though  most  complex,  with  grits  prevailing 
in  the  lower  part,  and  limestone  bands  in  tiie  upper ;  now  filling 
the  whole  space  from  Old  Bed  to  Coal  Measures,  the  limestones 
only  nodular  or  absent,  and  an(m,  as  these  bands  come  in  and  unite 
into  masses  of  a  thousand  feet  and  up¥rards,  dwindling  away  into 
mere  passage-beds: — since  then,  I  say,  it  is  marvellous  how  one 
point  after  another,  which  before  had  been  all  obscurity,  has  flashed 
into  the  broad  light  of  day. 

It  is  useless  to  think  of  carrying  on  a  field  survey  by  means 
of  continual  appeals  to  the  fossils :  on  the  other  hand  there  •  are, 
of  course,  innumerable  instances  where  beds  may  be  thus  absolutely 
identified,  especially  where  a  formation  (such  as  the  Lias  for  in- 
stance) maintains  its  homogeneous  characters  over  wide  areas. 
This,  however,  the  formations  which  intervene  between  the  Upper 

logiflal  Snnrer)  kaye  laboured  Bucoeflrfnlly  in  tbis  field.  I  hope  on  some  future 
occanon  myeelf  to  deecribe  a  new  area  of  Culm  ibalee  and  griti  retting  in  perfect 
oonformitT  on  DeTonian  limeetones. 

^  A  selection  of  these  are,  at  this  moment,  in  the  Editor's  hands  for  deter- 
mination ssfsisM  possible. 
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Silurian  and  the  Goal  Measures  are,  as  a  whole,  singularly  remark- 
able for  not  doing. 

An  invaluable  heritage  left  us  by  William  Smith  is  the  idea  of 
"  strata  identified  by  organic  remains " ;  but  yet  there  remain  the 
questions  of  currents,  habitat  and  sea  depth,  life  provinces,  and  so 
forth :  and  it  may  be  that  the  "  Devonian "  or  "  Eifelian "  life 
province  of  the  Lower  Carboniferous  epoch  is  one  of  the  most 
remarkable  and  well-defined  life  provinces  of  the  past  But  here 
we  touch  a  whole  circle  of  thought,  to  enter  which  would  be  beyond 
the  scope  of  the  present  sketch. 

The  work  must  still  be  one  of  time,  and  I  agree  with  the 
substance  of  Prof.  Warington  Smyth's  remarks  at  Plymouth,  that 
but  little  exhaustive  work  can  be  done  before  the  Six-inch  Maps 
are  in  the  hands  of  the  G^logical  Surveyors. 

Should  they  show  the  Jukesites  to  be  wrong,  and  succeed  in 
proving  that  the  StrtngocephaUis,  as  compared  with  the  ProdwtuSy 
limestone,  is  something  not  "sui  generis'*  merely,  but  8ui  avi  also, 
no  one  will  less  regret  it,  save  for  his  admiration  for  the  master 
mind  of  Jukes,  than  the  writer  of  this  paper. 

Additional  Note. — In  speaking  of  the  Stringocephalus  Limestone  as 
of  Lower  Carboniferous  age,  it  is  fair  that  I  should  guard  myself 
from  possible  misapprehension. 

Where  two  limestones  run  parallel  for  some  distance,  separated 
from  each  other  by  mechanical  rocks,  and  characterized  each  by  its 
own  fossils,  clearly  we  cannot  give  the  same  name  to  both,  although 
we  may  include  both  in  the  same  great  system. 

To  explain  more  clearly.  Suppose  we  are  tracing  a  band  of 
Posidonomya  limestone  among  Culm  Shales  from  west  to  east  of 
North  Devon,  we  find  that,  about  Westleigh  and  Holcomb  Rogus, 
changing  its  character,  it  approaches  that  of  the  Carboniferous 
Limestone  of  the  Mendips.  Still,  as  Mr.  Horace  Woodward  has 
observed,  it  may  represent  only  a  part  of  that  formation.  Also,  we 
know  from  Murchison's  and  Sedgwick's  writings  that  if  we  follow 
the  Posidonomya  beds  along  the  Westphalian  frontier  towards  the 
Khine,  at  Cromford  near  Eatingen  they  put  on  the  characters  of 
true  Carboniferous  Limestone  vrith  well-known  Producti.  This 
upper  group  is  accompanied  at  some  depth  below  by  another  lime- 
stone, the  great  Westphalian  limestone,  the  Eifler  kalk. 

The  strata  by  which  the  two  limestones  are  separated  are  those 
known  as  Flinz  (lowest),  Kramenzel-stein,  and  (Spirifer-)  Ver- 
neuili  Schiefer,  the  whole  classed  as  "Upper  Devonicm."  Mnrohison 
(Siluria,  4th  ed.,  p.  397)  stated  that,  where  most  expanded,  the 
group  has  a  thickness  of  1300  feet  (1000  for  the  "Flinz"  at 
Nuttlar). 

Now,  what  parallel  is  there  between  this  1300  feet  maximum, 
with  no  Old  Red  Sandstone,  and  the  vast  pile  of  sedimentary  rocks 
represented  by  the  distance  from  Ilfracombe  to  the  Culm  limestone 
at  Fremington  more  than  9  miles  as  the  crow  flies?  A  pile,  of  which 
a  part  only,  "the  Pick  well  Down  sandstones,"  have  been  estimated  at 
SObO  feet,  and  parts  of  the  series  north  and  south  of  them  at  higher 
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The  probable  truth  is,  I  submit,  that  the  whereabouts  of  the 
Ilfracombe  limestone  (=  Eifler  kalk)  comes  in  again  south  of  the 
Pickwell  Down  sandstones,  among  the  Pilton  slates;  but  the  Coral 
polypes  not  having  lived  there,  probably  from  deficiency  of  carbonate 
of  lime,  and  excess  of  muddy  sediment,  the  Coral  limestone  is 
absent,  and  naturally  the  Fauna  is  in  the  main  distinct  from  that  of 
the  Ilfracombe  area,  the  only  limestone  of  any  consequence  being  the 
Culm  or  Posidonomya  limestone  with  which  we  set  out 

Hence,  by  quite  a  different  road,  we  arrive  at  the  same  conclusion 
as  before,  that  is  to  say,  that  the  Old  Bed  Sandstone  of  Pickwell 
Down,  eta,  has  been  invertedly  doubled  up  from  beneath  all  the 
rocks  to  which  the  term  "  Devonian  "  can  be  assigned. 

EXPLANATION  OF  PLATES  V.  AND  VI. 

PIjATE  v. — The  coast  near  Sharkham  Point,  looking  west.  [From  a  photograph  by 
Brinley,  Totnes.]  Foreground  shows  crashed  and  folded  limestone,  the 
lowest  beds  of  tne  great  mass  of  Berryhead  and  Brixham  (1*  in  PL  YI.) 
Under  these  are  reddish  and  dun-colonrea  slates  crushed  and  cleaved.  At  the 
farther  point  are  contorted  red  sandstones  and  slates. 

PLATE  YL— Diagrams,  Figs.  1  and  2,  show  the  general  relations  of  the  rocks  in 
PL  Y.  to  the  coast  section.    Traps  omitted. 

Fio.  1.  Supposing  the  limestone  (1)  the  highest  rocks  of  the  district,  the  view  main- 
tainea  in  the  text. 

Fio.  2.  Supposing  the  limestone  (1)  to  come  between  the  groups  (3)  and  (2*)  above 
it,  and  slates  (2)  of  Mudstone  Bay  beneath  it,  according  to  the  received 
opinions  of  writers. 

4*  The  part  I*  slightly  enlarged.     (4.  Yolcanic.^ 

Fio.  3.  View  near  Woolacombe,  North  Devon  (described  in  the  text). 

Note. — By  tracing  and  retracing  from  my  pocket-book  sketch,  the  foreground  has 
somewhat  lost  in  effect.    The  curve  is  rather  under-  than  overdrawn. 


II. — Geological  Time. 

By  C.  Llotd  Mokoan,  F.G.S.,  A.B.S.M. 
(Pakt  II.) 
(Continued  from  p.  162.) 

IN  passing  on  to  the  consideration  of  the  rate  at  which  the  various 
strata  were  formed,  it  will  he  well,  I  think,  to  group  the  rocks 
tinder  six  heads.  First,  Mechanical  deposits  formed  in  deltas, 
lakes,  and  estuaries;  secondly.  Mechanical  deposits  along  the  shore- 
line, in  large  bays,  or  constricted  seas,  such  as  the  German  Ocean ; 
thirdly.  Chalk ;  fourthly,  Coral  Limestone ;  fifthly,  Coal ;  and 
lastly,  Volcanic  Kocks. 

I.  With  regard  to  mechanical  deposits,  it  is  obvious  that  they  are 
the  products  entirely,  or  almost  entirely,  of  subaerial  denudation, 
although  in  the  formation  of  the  second  group  marine  denudation 
aids  to  some  extent.  Our  first  duty,  therefore,  will  be  to  gain  some 
notion  of  the  rate  at  which  the  land  is  wasting  away  under  the  in- 
fluence of  the  weather,  of  rain,  and  of  rivers.  This  subject  has  been 
carefully  studied  by  Mr.  A.  l^lor,  Mr.  Croll,  and  Professor  Geikie, 
and  the  study  has  been  productive  of  most  interesting  results.  But 
a  slight  study  of  the  action  of  rain  as  an  agent  of  denudation  is 
necessary  to  make  obvious  the  fact  that  the  soil  is  gradually^  osid. 
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oontmnally,  washed  down  seawards;  but  thlit  as  fast  as  soil  is  carried 

away,  fresh  soil  is  formed  by  the  action  of  rain  and  the  weather. 

Only  in  steep  and  monntainoiis  regions  is  the  flow  of  water  so  rapid 

as  to  carry  away  the  material  abraded  from  the  rocks,  directly, 

without  any  formation  of  soiL      Now  all  the  material  washed  from 

the  surface  of  the  land  is  carried  into  the  rivers.    To  ascertain, 

therefore,  the  rate  of  subaerial  denudation  in  any  area,  we  have  only 

to  find  the  amount  of  sediment  transported  by  the  rivers  which 

drain  that  area.    If  we  knew,  for  example,  the  exact  amount  of 

suspended  matter  which  is  carried  into  the  sea  by  all  the  rivers  of 

England,  we  could  readily  calculate  the  rate  at  which  that  country 

is  yielding  to  subaerial  denudation.     At  present,  however,  we  have 

not  the  requisite  data  for  making  this  calculation.     The  matter 

is  much  simplified  if  we  take  the  cases  of  individual  rivers,  and 

calculate  the  rate  at  which  they  are  lowering  the  average  level  of  the 

area  of  country  which  they  drain.    This  has  been  done  for  a  few 

rivers,  and  the  following  table,  from  Professor  G^eikie's  paper  on  this 

subject,  shows  the  number  of  years  which  it  would  take,  at  the 

present  rate  of  denudation,  for  each  river  named  to  remove  one  foot 

of  solid  rock  (the  average  sp.  gr.  of  river-silt  being  taken  at  1*9  and 

that  of  rock  at  2*5). 

Miflsiflfippi        ..«  one  foot  in  6000  yean. 

Ganges  .„..        .^.  ...«..«.  ^.  „         „    2368    „ 

Hoango  Ho       ...„  .....        .....  ...»  „         „    1464     „ 

Rhone    .....        .....  „...        .....  .....  „         „    1628     „ 

jjanuDe  ....•        ...»  w—        mm.  mm.  „         ,,    0o4o     ,, 

X    O  M.M  M.M  MM  MM.  MM.  „  ,,  •    ^  V  „ 

J^  lUi  M.M  .MM  M...  .M..  M...  ,,  „  V  I    4V  ,, 

Taking  the  mean  height  of  the  American  Continent  at  1496  feet, 
at  the  present  Mississippi  rate  of  denudation  that  continent  would 
be  worn  away  in  about  nine  million  years.  Asia,  ait  the  rate  at 
which  the  Ganges  destroys  it,  would  disappear  in  five  million  years ; 
and  if  the  whole  of  Europe  were  denuded  at  the  same  rate  as  the 
basin  of  the  Po,  it  would  be  levelled  in  rather  less  than  a  million 
of  years. 

But  these  calculations  take  no  account  of  the  material  removed 
in  solution  by  Chemical  denudation.  If  this  be  taken  into  con- 
sideration, the  figures  above  quoted  will  have  to  be  considerably 
modified.  Mr.  T.  Mellard  &eade,  in  his  Presidential  Address  to 
the  Liverpool  G^logical  Society,  1877,  calculated  that  the  general 
area  of  England  and  Wales  was  lowered  by  chemical  denudation 
at  the  rate  of  '0077  of  a  foot  in  a  century,  or  one  foot  in  12,978 
years.  He  also  states  that  the  matter  in  suspension  in  the  waters 
of  the  Danube  are  in  amount  three  times  those  in  solution;  but 
the  solids  in  solution  come  down  constantly;  the  mud  is  pushed 
along  in  times  of  flood.  Certain  experiments  of  mine  on  Thames 
water  (taken  from  the  river  near  the  Waterworks,  Surbiton)  tend 
to  show,  that  the  matter  in  solution,  even  in  time  of  flood,  was 
seven  times  that  in  suspension,  while  in  summer  time  this  ratio 
was  exceeded,  and  was  more  nearly  twenty  times-  In  these  ex- 
perimentoi  however,  no  account  was  taken  of  the  solid  matter 
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dragged  along  the  bottom.  In  the  aboTe  oalculations,  therefore,  of 
the  rate  at  whioh  the  general  sorfaoe  of  large  areas  is  being  lowered, 
we  may  fairly  consider  that  the  length  of  time  mentioned  as  that 
in  which  the  seyeral  rivers  would  remove  one  foot  of  solid  matter 
may  be  reduoed  by,  say,  one-fifth,  in  some  cases  more,  and  in  some, 
perhaps,  less. 

Let  us  now  see  the  application  of  these  facts.  The  area  of  the 
Mississippi  basin  is  1,147,000  square  miles,  that  of  the  delta  of 
the  same  river  12,300  square  miles.  Let  us  assume  that  the  area 
over  which  deposit  is  now  taking  place  is  equal  in  size  to  the 
present  delta,  and  let  us  assume  that  only  three-fourths  of  the 
material  swept  o£f  the  Mississippi  basin  is  thus  deposited,  the  other 
one-fourth  being  carried  fetr  into  the  Gulf  of  Mexico.  Then  ttsW 
of  a  foot  is  swept  from  the  basin  and  deposited  over,  say,  12,000 
square  miles,  lliis  will  form  a  deposit  rather  more  than  one- 
seventh  of  an  inch  thick.  One-seventh  of  an  inch  per  annum  may 
therefore  be  taken  to  be  the  rate  of  deposit  in  the  delta  of  the 
Mississi]^L  According  to  the  estimates  of  Colonel  Strachey,  based 
on  the  observations  of  Mr.  Everest,  the  rate  of  deposit  is  more  rapid 
in  the  delta  of  the  Gkmges  and  Brahmapootra,  amounting  to  more 
than  one-fifth  of  an  inch  per  annum,  and  this  over  an  area  of 
65,000  square  miles.  The  Fo  drains  an  area  of  about  30,000 
square  miles,  and  lowers  that  area  rir  of  a  foot  every  year.  If 
we  take  the  area  of  deposit  at  the  mouth  of  the  river  at  1000  square 
miles,  the  rate  of  that  deposit  will  be  nearly  half  an  inch  per 
annum.  To  take  one  more  case,  excavations  were  carried  on  by 
Mr.  L.  Homer,  in  1850,  in  the  great  plain  of  Memphis,  to  ascertain 
what  thickness  of  Nile  mud  had  been  deposited  there  since  the 
erection  of  the  colossal  statue  of  Rameses  IL  It  was  found  that 
nine  feet  four  inches  of  silt  had  accumulated  since  the  foundations 
of  the  statue  had  been  laid  some  3211  years  previously.  This 
is  at  the  rate  of  -aVth  of  an  inch  per  annum.  Thirty-two  feet  below 
the  base  of  the  pedestal  the  Nile  mud  was  found  to  rest  on  desert 
sand,  and  close  to  the  line  of  junction  a  fragment  of  burnt  brick  was 
discovered,  which,  if  the  rate  of  deposit  was  the  same  before  the 
erection  of  the  statue  as  since  its  foundations  were  laid,  was  13,496 
years  old.  The  rate  of  deposit  at ,  Elephantine,  near  the  First 
Oataraot,  was  estimated  by  Sir  J.  G.  Wilkinson  at  nearly  double 
that  near  Memphis,  or  about  one-sixteenth  of  an  inch  per  annum, 
while  the  high  Nile  has  been  known  to  cause  a  deposit  one  inch  in 
depth  for  ten  feet  of  water. 

Taking  all  these  facts  into  consideration,  we  shall  scarcely  err 
in  excess  if  we  estimate  the  average  rate  of  delta  deposition  at 
one-tenth  of  an  inch  per  annum.  In  taking  the  present  rate  of 
deposition  as  our  standard,  we  are  not  likely  to  err  in  excess :  for 
though  in  past  ages  the  average  amount  of  rainfall  in  our  hemisphere 
may  have  been  at  some  times  less  than  the  present  amount,  yet  at 
other  times,  during  periods  of  higher  excentricity  of  the  earth's  orbit, 
for  example,  the  amount  was,  probably,  considerably  greater. 

With  regard  to  estuarine  and  lake  deposits,  we  have  not  man^ 
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data  on  which  to  base  any  calcnlations.  But  I  see  no  reason  why 
these  formations  should  not  aocumulate  as  rapidly  as  those  in  a  delta. 
We  will  therefore  take,  hypothetically,  one-tenth  of  an  inch  as  the 
average  rate  of  the  accumulation  of  all  this  series  of  deposits. 

n.  In  considering  the  rate  of  accumulation  over  such  an  area  as 
the  North  Sea,  for  example,  we  find  but  little  on  which  to  base  any 
calculations.  Some  of  the  rivers  which  fall  into  that  sea,  the  Bhine 
and  Scheldt,  for  instance,  form  great  alluvial  fiats,  while  the  finer 
and  coarser  materials  brought  down  by  other  rivers  are  caught  up  by 
the  tides  which  sweep  by  their  mouths,  and  become  far  more  widely 
scattered.  The  rate  of  deposit  will  be,  then,  in  different  parts  of 
the  area,  very  variable.  But  if  we  take  the  area  of  country  which 
drains  into  the  German  Ocean  at  twice  the  size  of  that  sea,  and  the 
rate  of  subaerial  denudation  to  be  one  foot  in  three  thousand  years, 
we  shall  find  that  the  average  rate  of  deposit  over  the  German  Ocean 
is  tIt  of  an  inch  per  annum. 

Along  the  coast-line  of  a  great  continent  the  rate  at  which  sedi- 
mentary deposits  are  formed  will  be  still  slower.  A  glance  at  a 
map  of  Nprth  America  will  show  from  how  vast  an  area  of  that 
continent  the  Mississippi  collects  its  waters.  We  have  seen  that 
the  sediment  borne  by  those  waters  is  collected  over  a  comparatively 
small  area,  in  the  neighbourhood  of  the  Gulf  of  Mexico.  Along 
all  the  eastern  coast,  from  Labrador  to  Florida  Straits,  but  little 
sedimentary  deposit  is  being  formed.  If  we  take  the  strip  of  land 
which  is  drained  into  this  portion  of  the  Atlantic  to  be,  on  the 
average,  two  hundred  and  fifty  miles  broad,  and  the  area  over  which 
deposit  is  taking  place  to  be  a  strip  extending  for  a  hundred  miles 
from  the  coast-line,  and  the  rate  of  denudation  to  be  the  same  as  in 
the  Mississippi  basin,  we  find  that  the  rate  of  accumulation  is  -drir 
of  an  inch  per  annum.  If  again  we  turn  to  South  America,  we  find 
that  almost  the  entire  drainage  of  the  continent  is  eastwards. 
Taking  the  area  which  drains  in  this  direction  at  about  five  and 
a  quarter  million  square  miles,  the  rate  of  denudation  the  same  as 
in  the  Mississippi  basin,  ^tjVtj  of  a  foot  per  annum,  the  eastern 
coast-line  at  about  8500  miles  in  length,  and  the  zone  of  deposit 
to  stretch  one  hundred  miles  from  the  shore-line,  we  shall  find  that 
in  this  area  about  iV  of  an  inch  of  rock  is  deposited  each  year. 
We  must  remember  that  much  of  this  sedimentary  matter  will  be 
collected  in  the  neighbourhood  of  the  four  great  rivers,  the  Amazons, 
La  Plata,  Orinoco,  and  San  Francisco.  Altogether,  then,  we  may 
consider  that  the  rate  of  formation  of  mechaniccd  deposits  at  a  con- 
siderable distance  from  the  principal  foci — as  we  may  call  the  delta, 
or  estuarine  areas — is  not  greater  than  ri-ff.  or  perhaps,  rh^  of  an 
inch  per  annum. 

III.  Professor  Huxley,  in  his  article  on  "  Coral  and  Coral  Reefs," 
quotes  the  following  estimate  of  the  rate  of  Coral  deposit  from  Dana's 
Manual  of  Geology.  "  The  rate  of  growth  of  the  common  branching 
Madrepore  is  not  over  one  and  a  half  inches  a  year.  As  the 
branches  are  open,  this  would  not  be  equivalent  to  more  than  half 
an  inch  of  solid  coral  for  the  whole  surface  covered  by  the  Madre- 
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pore ;  and  as  tbey  are  also  porous,  to  not  over  three-eigbtbs  of  an 
inch  of  solid  limestone.  Bnt  a  coral  plantation  has  large  bare 
patches  without  corals,  and  the  coral  sands  are  widely  distributed  by 
currents,  part  of  them  to  depths  over  one  hundred  feet,  where  there 
are  no  living  corals ;  not  more  than  one-sixth  of  the  surface  of  a 
reef  region  is,  in  fact,  covered  with  growing  species.  This  reduces 
the  three-eighths  to  one-sixteenth.  Shells  and  other  organic  relics 
may  contribute  one-fourth  as  much  as  corals.  At  the  outside  the 
average  upward  increase  of  the  whole  reef-ground  per  year  would 
not  exceed  one-eighth  of  an  inch." 

rV.  Professor  Huxley,  in  his  admirable  lecture  "  On.  a  Piece  of 
Chalk,"  describes  a  specimen  of  Micraster  in  the  Museum  of  Prac- 
tical Geology,  which  aids  us  in  forming  some  idea  of  the  **  period 
which  must  have  elapsed  between  the  death  of  the  Sea-urchin,  and 
its  bunal  by  the  Qlohigerina,  For  the  outward  face  of  the  valve 
of  a  Crania,  which  is  attached  to  a  Sea-urchin,  is  itself  overrun  by 
an  incrusting  Coralline,  which  spreads  thence  over  more  or  less  of 
the  8ur£BM»  of  the  Sea-urchin.  It  follows  that,  afler  the  upper  valve 
of  the  Crania  fell  off,  the  surface  of  the  attached  valve  must  have 
remained  exposed  long  enough  to  allow  of  the  growth  of  the  whole 
Coralline,  since  Corallines  do  not  live  embedded  in  mud."  "  If  the 
decay  of  the  soft  parts  of  the  Sea-urehin ;  the  attachment,  growth 
to  maturity,  and  subsequent  decay  of  the  Crania ;  and  the  subse* 
quent  attachment  and  growth  of  the  Coralline,  took  a  year  (which  is 
a  low  estimate  enough),  the  accumulation  of  the  inch  of  chalk  must 
have  taken  more  than  a  year."  Professor  Huxley  adds,  "  On  any 
probable  estimate  —the  Chalk  period  must  have  had  a  much  longer 
duration  than  that  roughly  assigned  to  it,"  on  the  supposition  that 
an  inch  of  that  rock  could  be  formed  in  a  year.  Perhaps  we  may 
take  it  as  probable  that  a  period  of  twenty-five  years  would  be 
sufficient  for  the  changes  to  which  the  Micraster  specimen  testifies. 
If  so,  we  have  no  evidence  that  chalk  may  not  be  accumulating  at  the 
rate  of  ^ft  of  an  inch  per  annum.  More  than  this,  in  the  present 
state  of  our  knowledge,  we  cannot  say. 

V.  With  regard  to  Coal,  Principal  Dawson  says  that  "  we  may 
safely  assert  that  every  foot  of  thickness  of  pure  bituminous  coal 
implies  the  quiet  growth  and  fall  of  at  least  fifty  generations  of 
SigtUaria"  so  that  if  we  follow  Professor  Huxley  in  the  moderate 
supposition  that  ''  each  generation  of  coal  plants  took  ten  years  to 
come  to  maturity — then,  each  foot  thickness  of  coal  represents  five 
hundred  years,"  or  the  material  accumulated  at  the  rate  of  a  little 
more  than  -sV  of  an  inch  per  annum.  Principal  Dawson's  assertion, 
however,  has  reference  to  American  coal,  which  is  formed  of  the 
accumulated  stems  of  trees,  but  ''undoubtedly  the  force  of  these 
reflections  is  not  diminished  when  the  bituminous  coal,  as  in  Britain, 
consists  of  accumulated  spores  and  spore  cases,  rather  than  of  stems," 
and  therefore  we  may  fairly  consider  that  -^  of  an  inch  is  a  high 
estimate  of  the  rate  of  accumulation  of  coal,  and  that  perhaps  -riv 
of  an  inch  would  approximate  more  closely  to  the  truth. 

YL  I  do  not  remember  to  have  seen  any  definite  calcul«i^Q»\A 
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of  the  rate  of  aooamalation  of  Toloanio  rocks,  nor  indeed  is  this 
to  be  wondered  at»  sinoe  the  formation  of  Yolcanic  products  is  both 
local  in  character  and  spasmodic  in  its  mode  of  action*  It  will, 
however,  be  useful  to  consider  a  few  instances  of  volcanic  accumu- 
lation, which  will  show  that  in  some  cases  the  rate  of  this  accu- 
mulation may  be  comparatively  rapid.  Sir  Charles  Lyell,  in  1828, 
measured  the  thickness  of  volcanic  ash  which  covered  the  town  of 
Pompeii,  near  the  amphitheatre,  and  found  it  to  be  ten  feet  three 
and  half  inches,  which  gives  a  rate  of  accumulation  of  rather  more 
than  one-fifteenth  of  an  inch  per  annum.  Over  Herculaneum, 
which  is  nearer  to  Vesuvius,  there  has  accumulated  a  thickness 
of  from  70  to  112  feet  of  material,  giving  since  a.d.  79  a  rate  of 
accumulation  of  some  two-thirds  of  an  inch  per  annum.  After  the 
eruption  of  Coseguina  in  1835,  *' eight  leagues  to  the  southward 
of  the  crater,  the  ashes  covered  the  ground  to  a  depth  of  three 
yards  and  a  half,"  so  that^  if  we  suppose  such  an  event  to  happen 
once  in  1800  years,  the  rate  of  accumulation  of  this  material  over 
that  spot  would  be  one-tenth  of  an  inch  in  a  year.  With  regard 
to  lava,  the  well-known  eruption  of  Skaptar  Jocul  in  1783  poured 
forth  two  streams,  of  which  one  was  fifty  miles  in  length,  with  an 
extreme  breadth  of  some  fifteen  miles ;  while  the  other  was  forty- 
five  miles  in  length,  with  an  extreme  breadth  of  seven  miles,  the 
average  depth  of  each  being.one  hundred  feet  If  such  an  eruption, 
or  minor  eruptions  equalling  it  in  the  amount  of  material  emitted, 
took  place  onoe  in  eveiy  twelve  hundred  years,  the  average  rate  of 
deposit  would  be  one-tenth  of  an  inch  per  annum,  and  this  without 
taking  into  account  the  immense  volume  of  ash  shot  forth  from 
Skaptar  Jocul  during  the  same  eruption  of  1783.  Beneath  the 
waters  of  a  sea,  in  the  neighbourhood  of  a  frequently  active  volcano, 
a  deposit  of  volcanic  ash  may  form  with  comparative  rapidity,  while 
the  rate  of  growth  of  the  volcano  itself  would  be  still  greater.  The 
highest  marine  clays  on  the  flanks  of  Etna  are  some  1258  English 
feet  above  the  level  of  the  Mediterranean,  and  within  them  are 
contemporaneous  basaltic  products,  "the  most  ancient  monuments 
of  volcanic  action  within  the  region  of  Etna."  The  total  height  of 
the  mountain  being  10,874  feet,  we  may  take  it  that  of  this,  9616 
feet  are  due  to  volcanic  accumulations.  Let  us  take  4500  feet  as 
the  average  height  over  a  large  area,  say  some  400  square  miles. 
Then,  if  the  mountain  began  to  accimiulate,  as  Sir  Charles  Lyell 
supposes,  at  the  time  of  the  Norwich  Crag,  and  if  this  period  may  be 
placed,  on  Mr.  CrolFs  estimate,  some  270,000  years  ago,  then  the 
rate  of  the  accumulation  of  the  volcanic  products  of  Etna  must 
have  averaged  about  one-fifth  of  an  inch  per  annum.  In  the 
absence  of  data  of  any  certainty  therefore,  we  may  take  iV  of  an 
inch  per  annum  as  the  rate  of  volcanic  accumulation. 

Let  us,  now,  take  the  thickness  of  the  rocks  at  the  liberal 
figure  of  100,000  feet  And  let  us  suppose  that  of  these  50,000  ft 
were  deposited  at  the  rate  of  -r^cr  of  an  inch  per  annum,  and  of  the 
remaining  rocks,  25,000  were  laid  down  at  the  rate  of  -J^  of  an  inch 
per  annum,  and  25,000  were  formed  in  delta  or  analogous  deposits 
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at  the  rate  of  -sV  of  an  inch  per  annum ;  then  the  time  oooupied  in 
the  depomtion  of  100,000  feet  of  rook  would  be  eighty-two  and  a 
half  millions  of  years.  Seeing  therefore  that,  in  the  first  place, 
100,000  feet  is  probably  too  high  an  estimate  of  the  average  thick- 
ness of  the  rocks  from  Laurentian  times  to  the  present;  that,  in  the 
seoond  plaoe,  those  rooks  should  be  more  properly  arranged  in  two 
or  three  parallel  series  than  in  one  long  column ;  that,  in  the  third 
place,  the  rate  of  deposit,  on  which  the  calculation  is  made,  is 
sufficiently  small;  and  that,  lastly,  on  the  evolution  hypothesis, 
there  is  some  probability  that,  in  old  geological  times,  the  strata 
were  formed  more  rapidly  than  in  these  latter  days,  is  there  any 
reason  why  geologists  should  hesitate  to  accept  100,000,000  years 
as  the  limit  of  geological  time?  Nay,  for  my  own  part  I  shall 
not,  on  4;eological  grounds,  feel  very  uneasy  if  more  certain  physical 
results  than  have  already  appeared  limit  the  age  of  the  rocks  to  fifty 
millions  of  years. 

An  attempt  has  been  made  by  Mr.  T.  Mellard  Beade  to  estimate 
the  geological  age  of  the  earth  by  the  amount  of  chlorides  con* 
tained  in  solution  by  sea-water.  "Beckoning  all  the  chlorides 
annually  brought  into  the  sea  at  eight  tons  to  the  square  mile,  it 
would  take,"  he  says,  **  in  even  numbers,  two  hundred  millions  of 
years  to  renew  the  chlorides  of  the  sea."  How  far  these  figures 
may  be  correct  it  is  not  easy  to  say.  We  have  at  present  but  few 
data  bearing  upon  the  subject.  But  supposing,  with  Mr.  Beade, 
that  it  would  tid:e,  at  the  present  rate,  two  hundred  millions  of  years 
to  restore  to  th^  sea  its  saline  constituents,  then,  taking  into  oon- 
.  sideration  the  exceedingly  soluble  nature  of  these  chlorides,  and 
the  high  probability  that  in  ancient  geological  times,  when  the  earth 
was  younger,  these  materials  were  washed  seawards  far  more  rapidly 
than  is  at  present  the  case,  it  would  seem  a  fair  conclusion  that  from 
sixty  to  one  hundred  millions  of  years  have  been  amply  sufficient  to 
render,  by  these  means,  the  sea  as  salt  as  we  now  find  it. 

"  But  it  may  be  said,"  writes  Professor  Huxley,  "  that  it  is  biology, 
and  not  geology,  which  asks  for  so  much  time — that  the  succession 
of  life  demands  vast  intervals ;  but  this  appears  to  me,"  continues 
the  Professor,  "  to  be  reasoning  in  a  circle.  Biology  takes  her  time 
from  GJeology.  The  only  reason  we  have  for  believing  in  the  slow 
rate  of  the  change  in  living  forms  is  the  fact  that  they  persist 
ihrou^  a  series  of  deposits  which.  Geology  informs  us,  have  taken 
a  long  while  to  make.  If  the  geologiccd  clock  is  wrong,  all  the 
naturalist  will  have  to  do  is  to  modify  his  notions  of  the  rapidity  of 
change  accordingly."  Professor  Toung,  also,  in  his  Presidential 
Address,  British  Association,  Section  C,  speaks  of  Biologists  ''  who, 
apparently  unconsciously,  seek  to  gain,  by  prolonging  the  interval 
between  successive  groups  the  time  which  ought  rather  to  be  sought 
for  in  tracing,  were  that  possible,  the  migrations  of  the  species 
which  seem  to  have  suddenly  died  out." 

The  biological  aspect  of  Geological  Time  is,  however,  in  my 
opinion,  that  which  most  authoritatively  prevents  us  from  accepting 
the  "ten  or  fiileen  million  of  years  "  which  is  all  Professor  Tait'a 
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mathematics  will  grant  to  his  fellow-labourers  in  another  branch  of 
Science.  The  evolution  of  plants  and  animals  (and  this  is  now  the 
only  tenable  hypothesis  of  their  being)  demands  time  for  its 
fulfilment  1.  In  the  Wealden  Delta  deposits  we  find  remains  of 
Pterodaotyles,  reptiles  with  a  highly  specialized  system  of  flying 
apparatus.  2.  As  far  back  as  the  Triassic  epoch.  Mammalia, 
Eeptilia,  and  perhaps  true  Aves,  had  been  evolved.  3.  In  Carboni- 
ferous times  we  find  that  Amphibia  with  an  elaborate  dentition 
(Labyrinthodonta)  were  in  existence  and  continued  without  any 
important  modifications  until  the  era  of  the  Trias;  some  three  or  four 
species  of  Eeptiles  have  been  found ;  and  there  are  representatives 
of  the  highly  differentiated  invertebrate  class,  Insecta.  4.  In  the 
Upper  SUurian  rocks  are  the  remains  of  well-developed  fish,  of 
Echinodermata  (Star-fish),  and  of  a  host  of  Crustacea;  while  the 
fossils  of  the  Lower  Silurian  epoch  (especially  the  Trilobites)  were 
by  no  means  of  the  lowliest  type. 

With  regard  to  the  Cambrian  rocks,  "after  quoting  Professor 
Huxley^s  enumeration  of  the  many  classes  and  orders  of  marine 
life  (identical  with  those  still  existing),  whose  remains  characterize" 
those  rocks,  Professor  Ramsay  writes:  ''The  inference  is  obvious 
that  in  this  earliest  known  varied  life  we  find  no  evidence  of  its 
having  lived  near  the  beginning  of  the  zoological  seriea.  In  a 
broad  sense,  compared  with  what  must  have  gone  before,  both  biolo- 
gically and  physically,  all  the  phenomena  connected  with  this  old 
period  seem  to  our  minds  to  be  quite  a  recent  description,  and  the 
climate  of  seas  and  lands  were  of  the  very  same  kind  as  those 
which  the  world  enjoys  at  the  present  day." 

All  this  points  to  a  long  period  of  evolution,  although,  as  Professor 
Huxley  truly  remarks,  that  period  is  measured  by  the  geological 
clock.  We  must  not  however  imagine  that  organic  change  has  been 
throughout  all  time  uniform  in  its  rate  of  progress.  Climatal 
changes — alternate  periods  of  perpetual  spring  and  bitter  glaciation — 
and  geographical  changes  in  the  limits  of  continental  and  oceanic 
areas — now  allowing  the  fauna  to  multiply  freely  and  expand,  now 
reducing  stage  by  stage  a  zoological  area,  and  causing  the  struggle 
for  life  to  be  waged  more  fiercely — must  have  caused  modification 
to  have  at  times  proceeded  with  much  greater  rapidity  than  we  now 
see  around  us.  But  still  the  ''  great  Phantom  of  geological  Time  " 
rises  before  us,  "  springing  irrepressibly  out  of  the  facts,"  to  use  a 
metaphor  of  Professor  Huxley's,  "  like  the  Djin  from  the  jar  which 
the  fisherman  so  incautiously  opened,  and  like  the  Djin  again,  being 
vaporous,  shifting  and  indefinable,  but  unmistakably  gigantic."  We 
may  not  yet  be  able  to  read  the  time  accurately  by  our  geological  or 
biological  clock,  but  that  clock  for  all  that  is  no  plaything. 

There  is  one  more  aspect  of  this  great  question  which  remains  to 
be  considered.  We  have  seen  that  there  is  a  theory  to  account  for 
the  cold  of  the  Glacial  epoch,  on  the  supposition  that  it  was  during 
periods  of  great  excentricity  of  the  earth's  orbit  that  the  glaciation 
took  place.  If  then  we  could  ascertain  at  what  period  the  excen- 
tricity which  produced  the  Glacial  epoch  occurred — ^if  this  hypothesis 
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be  oorrect — we  could  tell  the  length  of  time  which  has  elapsed  since 
that  period,  and  should  thus  possess  a  standard  to  which  we  could 
refer  other  geological  periods. 

Within  the  last  hundred  thousand  years  there  have  been  two 
periods  of  great  excentricity.  The  former  of  these  began  980,000 
years  ago,  and  terminated  720,000  years  ago :  the  latter  began  some 
2oO,0<X)  years  ago,  and  ended  about  80,000  years  ago.  Sir  Charles 
Lyell  at  one  time  referred  the  Glacial  epoch  to  the  former  period, 
but  subsequently  agreed  with  Mr.  OroU  in  assigning  250,000  years 
ago  as  the  more  probable  date  of  the  commencement  of  the  Great 
Ice  Age.  According  to  this  view,  Mr.  Croll  calculates  that  sixty 
millions  of  years  have  elapsed  since  the  beginning  of  the  Cambrian 
period,  whereas  on  the  hypothesis  that  the  Great  Ice  Age  occurred 
during  the  former  period  of  excentricity,  the  beginning  of  the 
Cambrian  period  will  have  to  be  placed,  on  the  same  method  of 
reckoning,  two  hundred  and  forty  millions  of  years  back.  But 
this,  both  the  results  of  physical  inquiry,  and  the  known  facta  of 
denudation,  declare  to  be  improbable  or  impossible,  while  that  a 
period  of  eighty  thousand  years  should  have  elapsed  since  the 
Glacial  epoch  accords  well  with  the  amount  of  denudation  which 
the  Glacial  deposits  are  found  to  have  undergone.  On  this  subject 
Mr.  Croll  writes  as  follows :  "  Now  if  we  assign  the  Glacial  epoch 
to  that  period  of  high  excentricity  beginning  980,000  years  ago,  and 
terminating  720,000  years  ago,  then  we  must  conclude  that  as  much 
as  120  feet  must  have  been  denuded  ofif  the  face  of  the  country  since 
the  dose  of  the  Glacial  epoch.  But  if  as  much  as  this  had  been 
carried  down  by  our  rivers  into  the  sea,  hardly  a  patch  of  Boulder- 
clay,  or  any  trace  of  the  Glcu^ial  epoch,  should  be  now  remaining  on 
the  land.  It  is  therefore  evident  that  the  Glacial  epoch  cannot  be 
assigned  to  that  remote  period,  but  ought  to  be  referred  to  the  period 
terminating  about  80,000  years  ago.  We  have,  in  this  latter  qase, 
thirteen  feet,  equal  to  about  eighteen  feet  of  drift,  as  the  amount 
removed  from  the  general  surface  of  the  country  since  the  Glacial 
epoch.  This  amount  harmonizes  very  well  with  the  direct  evidence 
of  geology  on  this  point  Hsid  the  amount  of  denudation  since  the 
close  of  the  Glacial  epoch  been  much  greater  than  this,  the  drift 
deposits  would  not  only  have  been  far  less  complete,  but  the  general 
appearance  and  outline  of  the  surface  of  all  glaciated  countries  would 
have  been  very  different  from  what  they  really  are." 

It  is  not  without  great  diffidence  that  I  have  written  this  article. 
In  it  I  have  rather  aimed  at  giving  a  general  rdaumS  of  a  great 
subject,  than  attempted  to  add  anything  very  new.  Such  as  it  is,  I 
lay  it  before  the  readers  of  the  Geolooioal  Magazine. 

• 

m. — ^NoTE  on  the  Fblsitb  op  Bittadon,  N.  Devon. 
By  Prof.  T.  G.  Bonnet,  M.A.,  F.G.S. 

IN  his  important  paper  on  the  Physical  Structure  of  West  Somerset 
and  North  Devon  (Quart.  Joum.  GeoL  Soc.,  vol.  xxiii.  p.  568), 
Mr.  Etheridge  incidentally  refers  to  a  felstone  at  Bittadon,  saying 
of  it  (p.  609) :  **  There  is  no  proof  that  the  igneous  rock  at  BittadoiL 
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ia  emptive.*'  At  ti>«  time  whep  theae  words  were  written,  it  wm 
nncloabteilly  iniKwribl*,  from  the  nature  of  the  exposnre.  to  decide 
whether  th«  nx^  was  intraaiTe  or  iDterbedded ;  but,  on  visitittg  the 
locality  in  ScfMmlwr.  18T6.  I  found  that  a  small  quarry  (for  rood 
M«<»r  h»d  h««B  opttaed  in  the  felstone,  and  its  relationa  to  the  eedi- 
■MMtai;  roda  w«re  pretty  clearly  exposed. 


Stom  Pit,  kbas  Bittumv. 


D  Fins  Slate,  mod)  cnuh«d. 
E  Qauii  Tein. 
F,  P  Soil,  Gnmnd  rinng  tbore. 


A,  A  FsUte. 
B  Iiid.,it 
C  Fine  SUte. 

The  annexed  diagram  will,  I  think,  render  a  long  description 
needless.  The  junction  on  the  ri^t-hand  side  is  very  clear,  and  the 
slate  a  little  below  seeniB  much  crushed ;  on  the  left  hand  side 
tlie  exact  line  of  junction  is  not  quite  so  easy  to  trace,  aa  the  felstone 
beoomes  much  decomposed  near  it,  but  it  is  veiy  nearly  represented 
by  the  dotted  line.  The  rook  on  this  side  is  a  hard  grey  rather 
lustrons  slate,  apparently  dipping  towards  the  S.E.,  with  cleavage 
dipping  at  about  80°  in  the  same  direction,  or  perhaps  rather  more 
to  the  south.  The  felstone  then  is  evidently  not  interbedded,  but 
intrusive. 

I  have  examined  the  rock  microsoopicaUy  ;  and  as  its  structnre  la 
a  little  unusual,  may  complete  this  note  by  a  short  account  of  it. 

iCs  ground-mass  is  compact  in  texture,  and  a  dull  greeniah  grey  in 
colour,  rather  thickly  studded  with  small  felspar  crystals,  commonly 
from  01  to  0-2  inch  long,  of  a  reddish  white  colour;  the  majority 
certainly  being  oi'thoclase.  A  few  small  grains  of  quartz  are  viaible. 
Here  and  there  are  brown  ferruginous  spots,  apparently  occupying 
the  place  of  some  of  the  felspar,  and  the  whole  rock  has  a  decom- 
posed aspect.  It  ia  also  affected  slightly  by  cleavage.  Thus,  in  a 
hand  specimen,  it  is  not  easily  distinguished  from  a  highly  altered 
volcanic  ash,  such  as  might  be  found  in  the  Borrowdale  series  of 
Cumberland.  A  slide,  examined  with  a  ^"  objective,  shows  the 
ground-mass  to  be  rather  variable ;  in  parts  it  is  crowded  with 
indistinct  colourless  microlithg,  brownish  and  greenish  grannies, 
and  occasional  black  specks;  in  others  it  is  irregularly  banded  with 
pale  yellowish-green  streaks.  This  last,  on  examination  with  both 
Nicola,  proves  to  be  one  of  the  minerals  provisionally  classed  as 
viridite ;  that  exliibiting  an  irregular  aggregate  Htructiu«,  and  being 
feebly  double -refracting.  The  colourlesa  part  of  the  ground-mass  is 
now  seen  to  bo  almost  wholly  made  up  of  irregular  rather  fibrous 
microliths,  bright-coloured  with  crossed  Nicols.    Here  and  there  are 
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rounded  patches,  less  transparent  than  the  rest,  and  minutely  granu- 
lar in  structure,  the  transparent  parts  of  which  also  show  bright 
specks  with  crossed  Niools.  There  are  many  dark -brown  ferruginous 
stains  (some  rather  resembling  altered  ilmenite),  a  few  small  quartz 
grains,  and  numerous  felspar  crystals.  Most  of  the  last  are  ortho- 
clase,  rather  resembling  sanidine,  but  plagioclase  is  also  present. 
They  have  often  ragged  edges,  and  a  broken  or  crushed  aspect,  are 
sometimes  almost  opaque  from  ferruginous  stains,  and  contain 
minute  ferruginous  microliths.  In  one  or  two  of  the  larger  crystals 
irregular  groups  of  ill-defined  microliths  are  included,  resembHng  a 
devitrified  glass, — possibly  these  may  have  once  been  glass  enclosures, 
— also  rather  irregular  aggregates  of  viridite  (?  replacing  magnesia 
mica).  The  quartz  is  pretty  clear,  but  here  and  there  it  contains  a 
few  extremely  small  microliths,  and  perhaps  cavities. 

The  structure  of  the  rock,  both  macrosoopically  and  microscopic- 
ally, is  remarkable,  as  it  bears  considerable  resemblance  to  that  of 
some  of  the  streaky  ashes  including  broken  felspar  crystals  from  the 
Borrowdale  rocks  of  Cumberland.  In  the  field,  however,  I  had  no 
doubt  of  its  nature,  and,  after  many  careful  examinations  of  the 
slide,  I  feel  convinced  that  the  resemblance  is  accidental.  Originally, 
it  was  probably  a  sanidine  trachyte  (there  is  hardly  enough  free 
quartz  for  a  rhyolite)  with  a  rather  variable  base,  imperfectly  micro- 
crystalline  or  crowded  with  ill-defined  microliths  (perhaps  not  very 
unlike  some  of  the  Drachenfels  trachyte).  A  slight  amount  of  brec- 
ciation  may  have  been  produced  by  motion  just  before  complete 
solidification,  and  subsequent  pressure  may  have  further  crushed  the 
rock ;  after  which  the  original  minerals  have  undergone  considerable 
alteration. 

From  its  appearance  I  should  imagine  that  this  rock  had  solidified 
at  no  great  depth.  It  is  intrusive  in  the  "Grey  Unfossiliferous 
Slates  "  of  £theridge — upper  part  of  Middle  Devonian — ^near  their 
junction  with  the  succeeding  Pickwell  Down  Sandstones  (Upper 
Devonian),  and  is  afiected  by  cleavage.  Its  intrusion  must  accord- 
ingly be  prior  to  the  close  of  the  Carboniferous  Period,  when  the 
cleavage  was  produced,  and  so  probably  happened  some  time  to- 
wards the  end  of  the  Devonian  Period. 


IV. — Ebsatios  at  High  Levels  in  Nobth- Western  Amebioa — 

Babbiebs  to  a  Gbbat  Ice-Sheet. 

By  George  M.  Dawson,  F.G.S., 
eulogist  to  H.M.  North-American  Boundary  Commission. 

rr  the  last  edition  of  his  Great  Ice  Age  (1877),  Mr.  Geikie  has 
noticed  at  some  length  my  descriptions  of  the  glaciation  and 
superficial  deposits  of  the  central  region  of  North  America,  from 
Lake  Superior  to  the  Bocky  Mountains ;  ^  giving  an  outline  of  the 
facts  recorded,  and  of  the  explanation  of  these  facts  which  I  have 
ventured  to  present  as  that  which  appeared  to  me  most  probable. 
In  one  respect,  however,   some  misapprehension  seems  to  have 

^  Quart  Jonm.  Geol.  Soc,  Not.  1875 ;  also  Geology  and  Besources  of  the  49th 
ParaUeL 
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arisen,  probably  from  my  omission  to  explain  the  oircumstances  at 
sufficient  length.  As  Mr.  Qeikie's  work  is  deservedly  referred  to  as 
an  authority  on  the  Glacial  £poch,  I  would  here  offer  a  few  remarks 
in  additional  explanation  of  the  point  in  question. 

In  the  vicinity  of  the  forty-ninth  parallel,  boulders  from  the 
Laurentian  Axis,  a  great  highland  plateau,  are  distributed  westward 
or  south-westward  across  the  whole  breadth  of  the  Great  Plains  to 
within  twenty-five  miles  of  the  Rocky  Mountains,  where  the  country 
has  an  elevation  of  about  4,200  feet.  Dehrie  from  the  Rocky  Moun- 
tains at  the  same  time  passes  far  eastward  across  the  plains,  the  drifts 
of  diverse  origin  overlapping  to  the  extent  of  several  hundred  miles. 
The  general  inclination  of  the  plain  is  eastward,  pr  north-eastward, 
toward  the  foot  of  the  Laurentian  Axis,  along  which  Winnipeg  and 
associated  great  lakes  lie,  with  an  elevation  of  about  700  feet  only. 
The  higher  parts  of  the  Laurentian  Axis  have  an  average  height  of 
about  1600  feet. 

If  it  be  supposed  that  the  western  boulders  were  deposited  in 
their  present  position  by  glacier-ice  formed  on  the  Laurentian  Axis, 
or  flowing  over  it  from  the  north  (as  Mr.  Gkikie  thinks  most  pro- 
bable), the  ice-sheet  must  have  been  pushed  up-hill  for  a  distance — 
measured  from  the  Laurentian  Axis— of  about  700  miles.  Many 
facts  stated  in  the  paper  above  referred  to,  but  which  cannot  here 
be  detailed,  lead  me  to  believe  that  the  boulders  in  question  reached 
their  present  position  attached  to  sea-borne  ice.  Mr.  G^ikie,  in 
objecting  to  this  hypothesis,  writes : — "  When  we  remember,  how- 
ever, that  the  maximum  height  of  the  latter  (Laurentian  Axis)  is 
only  some  1600  feet,  we  may  well  ask  how  these  boulders  could 
possibly  have  been  carried  by  floating-ice ;  for,  when  the  sea  stood 
at  the  level  of  4200  feet,  the  Laurentian  Axis,  from  which  the 
boulders  have  come,  must  have  been  drowned  to  a  depth  of  2,400 
feet,  at  least ! "  ' 

This  difficulty,  though  at  first  sight  a  very  grave  one,  was  not 
ignored.  I  believe  the  evidence  to  be  conclusive,  that  the  western 
portion  at  least,  of  the  Laurentian  region,  was  covered  by  a  con- 
fluent glacier,  guided  in  the  direction  of  its  motion  by  that  of  the 
general  slope  of  the  surface,  but  impelled  chiefly  by  the  pressure 
resulting  from  the  continual  addition  of  snow  and  ice  to  its  central 
and  higher  portion.  Pre-supposing  this,  I  have  written :  ■  **  The 
occurrence  of  Laurentian  fragments  at  a  stage  in  j, the  subsidence, 
when,  making  every  allowance  for  subsequent  degradation,  the 
Laurentian  Axis  must  have  been  far  below  water,  would  tend  to 
show  that  the  weight  and  mass  of  the  ice-cap  was  such  as  to  enable 
it  to  remain  as  a  glacier,  till  submergence  was  very  deep."  By  this 
it  was  intended  to  suggest  that  a  ponderous  ice-cap,  several  thousand 
feet  in  thickness,  continually  reinforced  by  abundant  snow-fall, 
might  continue  to  act  as  a  glacier  till  the  surrounding  water  gained 
on  it  to  such  an  extent  as  to  float  it  bodily  away.  To  this  I  might 
have  added  as  an  additional,  and  perhaps  more  probable  suggestion, 

'  Great  Ice  Age.  p.  472. 

*  Quart.  Joum.  Geol.  Soc.,  1875,  p.  622. 
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lihat  adopted  by  Principal  Dawson  to  explain  the  transport  of  blooks 
of  sandstone  from  the  Camberland  plains  of  Nova  Sootia  to  the 
sammits  of  the  Gobequid  Hills,  viz.  that  the  ice-fields  of  successive 
years  may  have  raised  these .  erratics  and  deposited  them  at  higher 
and  higher  levels,  during  a  more  or  less  rapid  subsidence  of  the 
land.^  This  process  is  at  least  competent  to  effect  the  result,  and 
wherever  coast-ice  surrounds  a  sinking  shore^  the  materials  of  the 
beach  must  thus  be  gradually  warped  up,  though  but  a  small  pro- 
portion of  the  material  ^m  below  could  ever  reach  a  great  height. 

It  is  probably  to  action  of  this  kind  that  Darwin  wishes  to  appeal 
in  endeavouring  to  explain  the  positions  of  erratics  in  some  parts  of 
England,  though  I  only  know  his  views  by  a  reference  to  them  by 
Mr.  G^ikie,  in  a  note  on  the  same  subject  read  by  him  before  the 
Greological  Society  of  Glasgow  in  1873,  and  in  part  reprinted  in  the 
Great  Ice  Age ;  in  which  it  is  endeavoured  to  explain  the  facts  by 
the  forcing  up  in  the  mass  of  a  glacier,  owing  to  "  frontal  resist- 
ance "  of  stones  included  in  it. 

To  my  mind,  many  facts  seem  to  show  the  impossibility  of  the 
westward  extension  of  a  vast  ice-sheet  from  the  Laurentian  Axis 
across  the  plains.  The  most  striking  of  these  is  perhaps  the 
existence  of  the  great  escarpment  of  soft  Cretaceous  rocks,  which 
runs  parallel  with  the  south-western  beise  of  the  Laurentian,  at  an 
average  distance  of  130  miles  from  it ;  the  Winnipeg  group  of  lakes 
occupying  the  intervening  low  ground.  There  are  gaps  in  this 
escarpment,  the  most  extensive  being  the  valley  of  the  Assineboine ; 
but,  in  the  main,  it  extends  from  near  the  Saskatchewan  Biver  to  the 
forty -ninth  parallel,  with  a  bold  north-eastern  front,  and  a  height  in 
some  places  of  900  feet  above  the  low  country  occupied  by  the  lakes. 
That  any  mass  of  glacier-ice  should  have  been  forced  across  this 
escarpment  without  destroying  it,  seems  incredible ;  though  that 
the  laurentian  Glacier  may  have  reached  its  base  in  places  appears 
not  improbable. 

The  wide  valley  occupied  by  the  Winnipeg  group  of  lakes  and 
Bed  Biver  has  doubtless,  in  the  first  instance,  been  formed  by  river- 
erosion.  A  great  stream  at  one  time  probably  flowed  southward  in 
it,'  gradually  cutting  downward,  and  shifting  its  channel  westward 
on  the  sloping  surface  of  the  hard  Laurentian  rocks,  at  the  expense 
at  first  of  the  soft  Cretaceous  strata,  and  later  of  the  Devonian 
and  Silurian  limestones.  The  valley  is  pre-glacial,  and,  with  the 
escarpment,  has  been  produced  in  this  way  precisely  in  the  manner 
explained  by  Professor  Bamsay  in  describing  the  formation  of  the 
Weald  of  Kent  and  Sussex.'  A  like  process  may  also  account,  to  a 
great  extent,  for  the  production  of  the  valleys  now  occupied  by  the 
Great  Canadian  lakes,  and  of  those  of  Athabasca,  Great  Slave,  and 
Great  Bear  Lakes  in  the  far  North-west ;  all  of  which  hold  a  similar 
position  with  regard  to  the  Laurentian  region,  and  overlying  newer 
and  little-disturbed  rocks. 

^  Acadian  Geology,  p.  65. 

*  Geology  and  B^sonrces  of  the  49ih  Parallel,  p.  253. 

*  Physi^  G^logy  and  G^graphy  of  Great  Biitam. 
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Quite  lately.  Pw>f.  R  W.  Claypole,  of  Antioch  Collie,  Ohio, 
in  connexioa  with  the  tbeofy  of  an  all-powerful  ice-sheet,  has  drawn 
attention  to  the  well*known  great  Silurian  escarpment,  which  bears 
a  itimilar  relation  to  the  Laurentian  Highlands  in  the  Peninsula  of 
Ontario,  and  northern  part  of  Lake  Huron,  and  consists  of  a  range 
of  cliffs  in  some  places  200  to  300  feet  high.  Profl  Claypole  writes:^ 
''It  appears  as  if  geologists  who  advocate  the  excavation  of  the 
basins  of  the  great  lakes  by  the  action  of  northern  ice  flowing  off 
the  Laurentian  Highlands  are  somewhat  oblivious  of  the  existence 
of  this  escarpment.  If  the  ice  possessed  the  enormous  eroding 
power  on  rocks  and  cL'ffs  so  often  attributed  to  it,  it  must  certainly 
have  cut  away  and  destroyed  this  gigantic  barrier  to  its  advance 
before  proceeding  to  scoop  out  deep  basins  to  the  southward." 

In  discussing  these  points  it  is  necessary  to  assume  that  the 
relative  elevation  of  different  parts  of  the  continent  have  remained 
unchanged  during  and  since  Uie  Glacial  period.  This  is  probably 
not  strictly  true,  and  may  be  so  far  from  correct  in  some  cases  as  to 
invalidate  arguments  based  on  the  assumption.  Unequal  elevation, 
great  in  amount,  must  have  occurred  in  the  west  toward  the  close 
of  the  Tertiary,  and  may  have  continued  in  progress  in  Glacial,  or 
even  in  post-Glacial  times. 


V. — ^Dbnudation — Eain    and    Biveb. 
By  HsNKT  0.  FoRBBs,  Esq. 

DURING  a  recent  residence  in  Portugal  I  paid  a  visit  in  Feb. 
1877,  to  Coimbra,  and  while  standing  on  the  tower  of  the 
University,  whence  a  magnificent  view  of  the  surrounding  country 
can  be  obtained,  I  was  much  struck  by  the  immense  accumulation  of 
sand  deposited  over  a  wide  area  on  both  banks  of  the  river  Mondego, 
by  whose  margin  the  city  stands.  A  considerable,  though,  com- 
paratively speaking,  a  small  quantity  was  of  recent  date,  and  was 
evidently  brought  down  by  the  heavy  rains  in  the  months  of  No- 
vember' and  December  of  the  previous  year,  which  had  produced 
destructive  floods  throughout  the  country,  and  had  here  greatly 
threatened  the  low-lying  parts  of  the  town.  I  was  informed  that 
every  year  a  large  quantity  of  new  sand  is  spread  out  over  the 
valley  ;  but  the  shortness  of  my  stay  here  precluded  any  attempt  to 
estimate  the  yearly  additions  to  the  fluviatUe  stratum. 

Since  my  return  to  England,  however,  I  have  fallen  on  some 
interesting  notes,  geologically  speaking,  in  various  old  Portuguese 
works,  which  I  send  you,  as  they  afford,  I  think,  an  approximate 
estimate  to  the  amount  of  denudation  in  a  known  period. 

When  the  Alani  overran  the  Peninsula  in  the  fifth  century,  their 
king  Ataces  captured  from  the  Suevi  the  town  named  by  the 
Romans  Conembrica — the  spot  now  bears  the  name  Condeixa  a 
Yelha.  It  seems  to  have  suffered  so  severely  in  the  stru^le  that 
the  erection  of  an  entirely  new  city  was  resolved  upon  on  the  mag- 

*  Canadian  Naturalist,  vol.  viii.,  No.  4,  p.  197. 

'  Ct  Meteorological  Notes  from  Lisbon,  Nature^  toL  zvi.  1877,  p.  26$. 
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nifioent  site  of  the  present  Coimbra ;  and  ere  long  the  steep  slope 
was  clothed  with  buildings  down  to  the  water's  edge.  Among  other 
works  Ataces  built  a  bridge  over  the  river,  "  probably  of  one  arch, 
as  the  river  was  narrower  and  veiy  deep."  In  1132,  this  structure 
having  perished  beneath  the  sand,  a  second  was  ordered  to  be 
erected  over  it  by  Count  Affonso,  in  whose  person  the  monarchy  of 
Portugal 'was  soon  after  established ;  and  the  historian  further  re- 
lates, **  that  in  the  first  years  of  the  monarchy,  during  which  the 
Count  resided  in  Coimbra,  fleets  of  ships,  men  of  war,  and  galleys 
of  great  size  (de  grandeza  Capaz)  came  up  from  the  mouth  as  far 
as  the  city,  for  the  river  did  not  then  overflow  its  banks  so  much 
nor  bring  down  so  much  sand  as  now  "  [1600-1650].  "  Its  waters," 
he  adds  too,  ''  when  kept  for  some  time,  though  sharp,  were  not 
unpleasant  to  the  taste ;  but  their  effect  on  the  complexion,  or  if 
used  in  confections  for  the  face,  are  most  prejudicial,  because  they 
spoil  the  skin  and  make  it  to  wrinkle  too  soon."  This,  if  fact, 
would  lead  us  to  suspect  some  chemical  impurity  in  the  water, 
which  was  not,  however,  injurious  to  animal  life,  for  we  are  further 
informed  that  "there  was  good  fishing  in  the  river  of  chad,  lam- 
preys and  eels."  The  aguadeiraa,  or  water  carriers,  of  the  present 
day,  must  be  ignorant  of  its  mjurious  properties,  or  disregard  them, 
for  I  saw  them  busily  engaged  in  carrying  it  into  the  town  for 
household  purposes.  The  sage  historian  attempts  no  explanation'  of 
the  facts  he  asserts,  as  he  is  "  simply  a  recorder,  and  knows  nothing 
of  medicine."  I  was  unaware  of  this  peculiarity  in  the  water  at 
the  time,  otherwise  I  should  have  obtained  some  for  analysis.  I 
hope,  however,  to  hear  in  a  short  time  from  my  friend  Dr.  Paulino 
d*01iveira.  Professor  of  Analytical  Chemistry  in  the  University,  the 
result  of  his  examination,  and  whether  there  is  any  gold  to  be  found 
now  in  the  sand,  for  "  anciently  there  was  much  gold  taken  out 
close  to  the  river ;  and  at  the  top  of  Pena  Cova,  there  are  in  many 
places  evident  sighs  whence  it  has  been  been  got  out,  and  many 
heaps  of  stones  which  the  workers  have  collected." 

In  1438  Afifonso  Y.,  alarmed  at  the  ravages  made  by  the  river, 
which  had  before  this  carried  away  many  of  the  low-lying  houses 
built  by  Ataces,  and  ruined  the  monastery  of  Santa  Clara  on  the 
northern  bank,  prohibited  under  heavy  penalties  the  clearing  of  the 
undergrowth  from  the  banks  for  a  distance  of  a  league  on  each  side 
between  Cea,  at  the  foot  of  the  Estrella  Mountains,  and  Coimbra. 
The  farmers,  however,  envious  of  the  rich  harvests  which  could  be 
grown  there,  by  and  bye  disregarded  with  impunity  this  law,  and 
burned  down  the  vegetation  which  checked  the  progress  of  the  sand, 
ploughed  and  cultivated  the  lands  much  to  their  own  advantage,  but 
to  the  irrevocable  devastation  of  the  valley  for  their  successors. 

In  1513,  the  bridge  of  1132  having  almost  disappeared,  a  third 
was  added  to  the  two  already  swallowed  up,  which  has  in  time  sunk 
down  to  give  place  to  the  goodly  structure  now  uniting  the  two 
banks. 

At  present  nearly  the  whole  plain  is  covered  with  sand  from 
Coimbra  to  the  sea ;  while  year  after  year  recently  fertile  fields  ax^ 
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being  converted  into  sandy  wastes.  The  depth  of  the  river,  too,  is 
yearly  decreasing,  and  can  to-day  float  only  light  flat-bottomed 
boats. 

During  the  rainy  season  in  November,  I  resided  in  Lisbon ;  and 
took  advantage  of  the  first  fair  day — a  fortni^t  after  it  had  set 
in — to  visit  the  soft  red  sandstone  cliffs  on  the  sonth  bank  of  the 
Tagus,  facing  the  town,  and  forming  the  south-western  boundary  of 
the  large  bay  into  which  the  river  expands.  Here  the  amount  of 
denudation  must  have  been  thousands  of  tons.  The  whole  front  of 
the  cliffs  had  suffered  severely,  as  the  iibris  at  the  fort  and  the  red 
colour  exhibited  by  the  river  for  ten  or  twelve  days  previously 
testified;  but  in  many  places  quarry-like  excavations  had  carried 
the  bead  of  the  cliffs  back  some  ten  to  fifteen  feet  for  a  length  of 
several  yards.  A  little  distance  inland,  at  a  spot  where  the  road 
runs  between  cliffs,  of  the  same  sandstone,  of  60  to  60  feet  in 
height,  a  similar  effect  had  been  produced.  Here  nearly  a  hundred 
blocks  of  various  sizes  were  lying  at  the  foot  among  a  mass  of 
disintegrated  sand,  trees  and  shrubs.  I  give  the  measurement,  in 
metres,  of,  one  of  intermediate  size,  and  of  roughly  triangular 
shape :  length,  2*4 ;  thickness  at  base,  1*5 ;  at  apex,  *o ;  average 
height,  2-4.  The  amount  of  denudation  for  the  rest  of  this  wet 
season  must  have  been  very  great,  when  so  much  was  accomplished 
in  one  short  fortnight 


VI. — The  Fossil  Fish  Localities  of  the  Lebanon. 

By  the  Rer.  E.  R.  Lbwis,  M.A.,  F.G.S., 
Professor  in  the  Syrian  Protestant  College,  Beiriit,  Syria. 

IF  an  apology  were  needed  for  writing  a  few  words  upon  the 
subject  of  the  fossil  fish  of  the  Leb^on,  mine  would  be  this, 
that  I  have  resided  so  near  the  well-known  localities  as  to  be  able  to 
Visit  them  often  and  collect  more  and  better  specimens  than  have 
ever  been  found  there  before.  Many  and  celebrated  geologists  and 
palsBontoIogists  have  written  upon  the  subject  of  the  fossil  fish 
found  here,  and  yet  the  localities  have  been  visited  by  few  of  those 
who  have  written  best.  The  distinguished  palesontologist  F.  J. 
Pictet  published  a  volume  in  1850,^  and  another,  together  with 
M.  Alois  Humbert,  in  1866,'  in  whidi  are  found  interesting  histories 
of  the  localities  Hakel  and  Sahel  Alma,  and  most  excellent  and 
accurate  descriptions  and  figures  of  the  fossil  fish  found  tbere  up  to 
the  last  date  mentioned.  But  for  four  years  I  have  been  receiving 
specimens  from  Sahel  Alma,  and  nearly  as  long  from  Hakel,  and 
now  have  all  the  specimens  mentioned  or  described  by  M.  Pictet 
with  a  difference.  Where  he  had,  in  mtmy  cases,  imperfect  speci- 
mens, I  have  now,  in  all  cases,  superb  examples ;  where  he  spoke 
only  by  name,  of  species  described  by  Costa  and  others,  of  which  he 

^  Description  de  quelques  Poissons  Fossiles  da  Mont  lihan,  par  F.  J.  Pictet. 
Gendve,  J.  G.  Fick,  1860. 

'  NouToIles  recherches  sur  les  Poissons  Fossiles  da  Mont  lihan,  par  F.  J.  Pictet 
et  Alois  Homhert.    Geneve,  H.  Georg,  1866. 
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had  not  seen  examples,  I  have  the  speoies  mentioned,  which  are, 
in  tfome  very  few  cases,  identical  with  species  described  by  himself 
under  other  names.  But  over  and  above  all  this,  I  have  in  my 
collection  several  new  and  undescribed  species.  The  possession  of 
80  many  interesting  specimens  has  led  me  to  study  the  subject  with 
care  and  interest,  and  to  visit  the  localities  from  time  to  time,  until 
now  I  am  induced  to  write  a  few  words  upon  a  subject  of  much 
interest  historically  and  geologically. 

M.  Pictet  never  visited  the  localities  of  the  Lebanon  in  person, 
and  his  confrere,  M.  Humbert,  did  so  at  a  most  imfavourable  time, 
namely,  at  the  time  of  the  massacres  in  1860.  M.  Louis  Lartet 
did  not  visit  the  localities,  at  any  rate  he  quotes  Botta  and  Humbert 
in  speaking  of  the  places;  although  he  was  himself,  at  one  time, 
within  an  hour  of  Sahel  Alma,  when,  in  1864,  he  visited  the  Dog 
Biver  caverns.^  He  evidently  did  not  know  how  near  he  was  to  the 
fossil  fish  locality,  or  perluips  was  too  much  interested  in  his 
archfleologicsd  investigations  and  discoveries.  He  gives,  however, 
valuable  hints  respecting  the  neighbouring  geological  formation, 
and  confirms  M.  Botta*s  observations  in  part  Dr.  IVaas  did  not  go 
so  far  north  when  he  collected  his  valuable  notes,  which  he  has 
since  published.'  His  book,  however,  has  thrown  much  light  upon 
the  geology  of  Palestine,  and  will  be  of  help,  indirectly,  in  settling 
some  of  the  questions  respecting  the  age  of  the  geological  formations 
in  the  Lebanon.  He  has  visited  the  Lebanon  more  recently,  and 
will  undoubtedly  add  much  valuable  information  -when  he  publishes 
a  second  edition  of  his  work.  He  has  kindly  sent  me  some  of  the 
figures  of  new  species  found  at  Hakel,  examples  of  which  are  in  my 
own  collection  also.  He  writes  me,  in  acknowledgment  of  a  few 
photographs  which  I  sent  him  of  new  species  from  Sahel  Alma, 
"But  by  far  the  most  important  specimens  you  have  photo- 
graphed are  the  Selachians,  especially  the  Kays,  which  excel  anything 
hitherto  known  of  this  £nx)up.  The  remains  published  by  Pictet 
are  poor  specimenB  com^^ith  yonr  rem^kably  fineW" 
I  shall  defer  wnting  upon  the  subject  of  the  fossil  fish  themselves 
until  a  future  article,  and  content  myself  now  with  writing  oon- 
ceming  \he  localities,  my  visits  to  which  have  given  me  an  ac- 
quaintance with  facts  of  considerable  interest  But  1  do  not  think 
it  will  be  amiss  to  give,  in  English,  as  introductory  to  what  1  may 
hereafter  write,  something  of  the  history  of  these  localities,  be  it 
ever  so  briefly,  before  mentioning  what  I  have  discovered  during 
my  visits  to  them.  I  am  indebted,  for  the  suggestions  of  various 
authors,  and  to  M.  Pictet,  although  I  have  verified  the  references, 
and  corrected  one  or  two  unimportant  errors  intq  which  he  fell. 

The  first  mention  of  the  existence  of  fossil  fish  in  the  Lebanon  is 
found  in  Joinville's  "  Histoire  de  St  Louis,"  edited  by  M.  Natalia  de 
Wailly,  page  270.  During  the  sojourn  of  the  King  at  Sidon  in  1253, 

1  Exploration  g^logique  de  la  Mer  Morte,  de  la  Falestme  et  de  ridum^  (p.  217), 
par  Louis  Lartet.    PariB,  Arthns  Bertrand,  no  date. 

*  Ana  dem  Orient  yon  Dr.  Oscar  Fraaa.  Stuttgart  Terlag  yon  Ebner  nnd  Senbert, 
1867. 
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jofi  belbtv  bis  letem  home  from  tbe  CHmdes,  a  stone  was  brought 
biiDy  lajt  JcHiiTiUe,  ^  which  was  the  mofit  marvellous  in  the  world, 
ioir  'when  a  layer  of  it  was  lifted,  theie  was  found,  between  the  two 
pieces,  the  form  of  a  fish.  The  fish  was  of  stone,  but  lacked  nothing 
10  form,  eyes,  bones,  oolour,  or  anything  neoessaiy  to  a  living  fish. 
The  king  demanded  a  stone  and  found  a  tench  within." 

Of  course  it  is  impossible  to  tell  what  species  was  shown  the 
King,  and  it  may  seem  idle  to  haaaid  a  guess;  but  the  specimen  was 
most  probably  from  H&kel,  since  that  was  the  locality  first  known ; 
M.  Maraldi  mentioning  it  in  a  letter  to  the  '*  Academic  des  Sciences" 
of  Paris,  in  1703,  and  M.  C.  Lebrun  again  in  1714,  while  neither 
mentions  Sahel  Alma.  Besides,  the  historian  speaks  of  a  stone  com- 
posed of  layers  which  opened,  a  description  applicable  to  most  of 
the  specimens  brought  ^m  H&kel,  but  rarely  true  of  those  ftom 
Hahol  Alma.  In  that  case  the  specimen  was  most  probably  a  Clupea, 
since  that  is  the  genus  found  on  the  surface  at  Hakel ;  and  it  might 
vory  easily  be  called  a  tench  by  a  casual  observer.  It  may  seem 
foolish,  and  of  course  unscientific,  to  deal  in  speculations  like  these, 
but  one  seems  led  to  it  when  reading  of  fossil  fish  collected  625 
yoars  ago. 

M.  do  Blainville,  so  far  as  is  known,  was  the  first  to  attempt  a 
nol^ntlilo  determination  of  the  Lebanon  fish,  and  he,  in  1818,  de- 
MorllHHl  Clnpea  hrevtstima  and  Clupea  Beurardi  from  Hakel. 

Aio^ssis,  m  his  celebrated  work,  1833-43,  described  Clupea  lata, 
Vluptii  minima,  from  Hakel,  and  Sphyrcma  amid  and  Bhinellue 
Jurcatua  from  Sahel  Alma.  He  veiy  singularly  figures  the  Bhinellus, 
vol.  ii.  tab.  58*>,  fig.  5,  and  gives  fig.  6  as  a  fragment  of  the  same 
species,  when  it  is,  in  reality,  a  Dercetis,  a  genus  figured  in  the  same 
volume,  tab.  66^  fig.  1  and  2,  though  the  species  may  possibly  be 
different  The  next  Lebanon  specimen  described  was  by  Sir  Philip 
Grey  Egerton,  Quart.  Joum.  GeoL  Soc.,  1846,  vol.  i.  page  225,  the 
Cyclohatis  oligodactylu8  from  H^el. 

Then  Haeckel  followed  in  1849,  adding  the  genus  JPycnoaterinx, 
two  species,  and  a  new  species  of  Clupea,  the  former  from  Sahel 
Alma,  and  the  latter  from  Hakel ;  then  0.  G.  Oosta,  "  Descrizione 
di  alcuni  Pesci  fossili  del  Libano,"  1855,  added  the  genera  Imogaster 
and  Omosoma,  and  described  a  Beryx, 

Finally,  in  1866,  appeared  the  valuable  work  of  Pictet  and 
Humbert,  above  referred  to,  which  figures  and  describes,  or  refers 
to,  26  species  from  Sahel  Alma,  21  from  H&kel,  and  four  of  doubtful 
origin ;  in  all  51  species,  if  all  be  allowed,  which  is  a  matter  of 
doubt,  since  M.  Pictet  was  in  some  uncertainty  about  the  identity  of 
one  or  two  species  described  by  Costa,  one  described  by  Haeckel,  and 
two,  at  least,  to  which  Agassiz  referred  only,  without  figuring  and 
describing.  In  these  cases  M.  Pictet  enumerates  all  the  species 
mentioned  as  distinct  species,  and  desciibes  his  own  examples  under 
different  names.     Examples  of  this  will  be  given  in  another  article. 

M.  Lartet,  in  the  work  previously  cited  (page  109),  adds  a  new 
Clupea  to  the  eight  or  nine  previously  described.  I  can  but  think 
that  these  species  will  be  reduced  in  number  when  a  large  collection 
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from  Hikkel  has  been  systematically  examined.  In  mentioning  the 
above  I  do  not  include  l^e  species  known  by  teeth  only  or  by  single 
scales.  M.  L.  Lartet  speaks  of  a  scale  found  near  Hasbeya  in  the 
Anti-Lebanon,  teeth  of  Lamna  from  Neby  Musa  (page  111) ;  and  Dr. 
Fraas  (Ans  dem  Orient,  page  109)  refers  to  teeth,  etc.,  collected  by 
Dr.  Both  near  Jerusalem,  and  identifies  four  species.  My  remarks 
here  are  confined  to  Lebanon  localities,  of  which  the  number 
hitherto  known  is  two,  H&kel  and  Sahel  Alma,  and  these  will  be 
described  further  on  ;  but  during  this  last  summer  I  visited  a  new 
locality  which  I  have  never  seen  mentioned.  It  is  called  Hazhtlla 
(Djoula  on  the  French  military  chart).  It  lies  nearly  south  of 
U&kel,  and  distant  from  it  about  two  hours  and  a  half  over  a 
wretched  road.  The  locality  is  in  the  outskirts  of  a  most  miserable 
Metawali  village,  and  the  rock  a  friable  limestone,  which,  in  many 
of  the  specimens,  is  very  pulverulent,  breaking  into  thin  layers  and 
crumbling  to  pieces  when  the  specimen  is  trimmed  with  the  hammer. 
At  least,  such  is  the  case  with  most  of  the  specimens  which  have 
been  exposed  to  the  atmosphere  a  long  time,  as  had  those  which  I 
collected.  The  species  are  the  same  as  those  found  at  Hilkel,  but 
certain  parts  are  better  preserved.  I  obtained  there  several  specimens 
of  Aspidopleurus  eataphractus,  Pict  et  Humb.,  with  the  singular  scales 
of  the  species  beautifully  preserved.  I  am  not  certain  that  I  have 
obtained  any  of  this  species  at  H&kel,  and,  since  I  have  had  several 
hundreds  of  specimens  from  HIikel,  including  all  the  known  species, 
I  have  queried  whether  the  specimen  described  by  Pictet  came  from 
H&kel,  and  was  not  rather  brought'  to  Hilkel  from  Hazhtlla.  The 
species  at  any  rate  is  rare  at  H&keL  At  Hazhtlla,  I  obtained  five 
examples  during  my  short  stay.  Besides  this  species,  I  obtained 
several  specimens  of  E^irypholis  Boissierif  Pict.;  Beryx  vexiUifer, 
Pict. ;  Cydohatis  oligodactylns,  Egerton ;  several  Clupea  of  various 
species,  and  two  or  three  kinds  of  Crustacea.  I  was  able  to  be  in 
the  place  only  two  hours,  and  was  sufficiently  annoyed  in  that  time 
by  the  clamour  for  *'  backsheesh,"  and  the  demand  made  by  twenty 
at  a  time  to  buy  whatever  was  ofiered.  But  in  the  short  time  I  was 
there,  and  notwithstanding  the  unfavourable  circumstances  in  which 
I  was  placed  while  there,  I  obtained  about  fifty  good  specimens 
picked  up  from  road  and  hill-side.  The  exact  place  from  which  the 
stone  came  was  very  near  by,  but  I  did  not  see  and  examine  it,  so 
excited  and  clamorous  did  the  ignorant  fanatical  people  become, 
threatening  to  break  all  I  had  collected,  frightening  my  muleteer, 
etc.,  eta,  led  on  by  a  few  who  pretended  that  I  was  seeking  treasures. 
It  required  considerable  tact  and  a  great  waste  of  Arabic  to  get  off 
with  my  donkey  load  of  specimens,  and  as  it  was,  I  had  to  send  the 
muleteer  ahead,  and  bring  up  the  rear  myself  with  a  faithful  atten- 
dant. The  locality  is  an  interesting  one,  and  I  shall  revisit  it  as 
soon  as  possible. 

I  have  said  that  Hakel  is  the  oldest  known  locality,  though  it  has 
been  rarely  visited.  I  know  of  none  who  have  visited  it  except  M. 
Humbert,  and  recently  Dr.  Fraas.  The  former,  only,  has  published 
anything  concerning  the  place.    It  can  be  reached  in  one  hard  day 
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from  Beirilt.  We  follow  the  Bea-ooast  to  Jebsil  (the  anoient  Byblus), 
a  small  seaport  town  between  Beirtit  and  Tripoli,  then  atrike  N.E., 
over  the  debris  of  old  and  ruined  temples  and  towers  which  onoe 
covered  the  place  towards  Amshtt,  leave  it  on  the  left,  and  turn 
nearly  east,  following  the  windings  of  a  ridge  which  looks  abruptly 
down  upon  deep  valleys  on  either  side.  The  road  is  at  first  covered 
with  fragments  of  limestone,  abounding  in  cavities,  and,  in  places, 
composed  almost  entirely  of  Nerinaa  abbreviaiaf  Conrad,  and  N. 
mamillcB,  Fraas,  all  very  large  specimens ;  but  soon  this  ceases,  and 
the  road  passes  over  an  almost  horizontal  stratum  of  unfossiliferous 
limestone,  much  resembling,  in  general  appearance,  the  limestone 
slabs  from  Hakel.  The  travelling  soon  becomes  slow  and  tedious. 
The  road  is  bounded  by  stone  walls,  which  limit  the  fields  on  either 
side,  and  the  stones  gathered  year  by  year  from  these  fields  are 
thrown  into  the  road,  which  gradually  becomes  elevated  above  the 
fields.  These  broken  fragments,  worn  smooth  by  travel,  are  as 
unable  to  give  foothold  as  is  the  shingle  of  a  beach,  and  the  horse's 
feet  sink  deep  at  every  step,  making  progress  slow  and  un- 
comfortable. In  about  four  hard  hours  after  leaving  Jebail,  Hakel 
is  reached.  M.  Botta  says  of  it :  "Ce  lieu  est  dans  une  vallee  profonde 
situee  II  une  gi'ande  hauteur  au-dessus  de  la  mer  car  il  faut  monter 
pendant  six  beures  pour  y  arriver  et  les  nuages  la  parcourent."  This 
is  hardly  correct,  though  quoted  by  M.  Alois  Humbert  without 
comment;  for,  after  the  first  ascent  behind  Jebail,  the  road  keeps 
a  general  level,  sometimes  rising  and  sometimes  falling,  but  never 
rising  much  higher  than  the  points  at  the  back  of  Jebail,  some  of 
which  are  constantly  in  si^t,  and,  finally,  a  considerable  descent  is 
made  just  before  reaching  Hakel.  I  bad  no  instrument  with  me  for 
determining  the  height  accurately,  but  took,  as  a  landmark,  a  well- 
known  convent  near  the  sea,  which  was  always  in  sight  until  H&kel 
was  nearly  reached,  and  whose  height  is  about  600  feet  above  the 
sea.  Near  Hdkel,  with  the  convent  and  Hakel  both  in  sight,  I  esti- 
mated the  height  of  the  latter  place  at  800  or  1000  feet  only,  and 
its  distance  from  the  sea  in  a  straight  line  at  about  six  miles.  I 
passed  Htkkel,  and  followed  the  valley  nearly  a  mile,  until  the  sides 
of  the  ravine  nearly  closed  together,  and  to  where  the  valley  itself 
was  choked  by  masses  of  fallen  rock,  and  there,  below  the  celebrated 
fish  quarries,  pitched  my  tent,  Tuesday,  September  18th,  1877,  and 
remained  there  until  the  28th.  Circumstances  were  unexpectedly 
favourable  for  me,  and  I  collected  a  large  and  valuable  lot  of  most 
superb  specimens,  many  of  them  entirely  new  species,  and  some  of 
them  increasing  very  materially  our  knowledge  of  the  relation  of 
this  place  to  the  Sahel  Alma  locality.  I  was  enabled  also  to  obtain 
a  more  correct  idea  of  the  place,  and  a  few  most  interesting  facts 
respecting  the  origin  of  the  valley  and  the  cause  of  the  present 
position  of  the  strata  in  which  the  fish  are  found. 

I  have  said  that  M.  Humbert  is  the  only  one  who  has  visited  and 
described  the  place ;  and  his  description,  though  brief,  is  correct 
Just  before  reaching  Hakel  we  round  a  hill  and  descend  its  side 
rather  abruptly,  until  the  village  is  reached  in  the  bottom  of  a  deep 
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and  narrow  ravine  with  preoipitotiB  sides.  The  re^ar  road  then 
crosaeB  a  little  bridge,  and  bending  west  again  begins  to  ascend  the 
steep  hill-side  opposite ;  bnt  we,  who  are  in  search  of  the  fish  locality, 
do  not  cross  the  bridge.  We  pass  through  the  village  on  the  right 
of  a  little  stream,  which  in  winter  is  a  torrent,  and  follow  the  valley 
towards  its  head.  The  valley  enlarges  a  little  now,  and  allows  of 
the  cultivation  of  a  few  small  fig  and  mulberry  orchards.  We  cross 
the  stream,  and  go  up  the  vaUey  a  distance  of  nearly  a  mile,  when 
the  sides  of  the  valley  again  draw  near  together,  and  the  valley 
itself  becomes  choked  by  large  masses  of  roCk  which  have  fallen 
down  from  the  precipitous  sides.  On  our  left  as  we  ascend,  the 
strata  are  regularly  superposed,  and  the  water  has  exposed  a  fine 
section  to  view ;  but  on  the  right  the  character  of  the  hill-side  has 
changed,  and  it  seems  a  confused  mass  of  dihris.  Passing  through 
the  fallen  masses  which  choke  the  valley  where  our  tent  is  pitched, 
we  cross  the  stream  again  to  the  right  of  the  valley  going  up,  begin 
to  ascend  diagonally,  and  find  ourselves  clambering  over  steeply 
inclined  strata.  The  valley  becomes  here  a  large  amphitheatre, 
narrowed  below  and  above,  and  widening  in  the  middle ;  it,  at  the 
same  time,  makes  an  abrupt  turn  to  the  left,  and  assumes  a  direction 
nearly  N.E.  and  S.W.  On  the  right  (still  going  up  the  valley)  the 
strata  far  above  our  heads  correspond  to  those  on  the  opposite  side, 
but  where  we  are  standing,  the  strata  are  so  much  inclined  that  it 
is  difficult  to  walk  upon  them,  and  this  inclination  extends  from 
high  up  the  hill-side  down  to  the  valley.  The  broken  fragments 
upon  the  surface  begin  to  exhibit  their  content-s,  and  weather-worn 
specimens  of  Gupea  hrevissima,  Blain. ;  Clupea  Bottaf  Pict  et  Humb. ; 
with  an  occasional  fragment  of  Eurypholis  Boissieri,  Pict,  become 
more  and  more  common,  until,  at  a  distance  of  ten  minutes'  walk 
from  where  we  left  the  little  stream,  we  reach  the  field  of  operation. 
All  around  are  the  evidences  that  collectors  have  preceded  us.  If, 
now,  we  examine  our  surroundings  carefully,  we  begin  to  understand 
the  situation.  The  valley  is  one  of  erosion.  On  the  northern  side 
opposite  us,  the  superposed  strata  show  the  action  of  water,  and 
reveal  the  different  levels  of  the  old  river-bed.  A  hard  resisting 
stratum  projects  at  various  heights,  with  a  more  easily  disintegrated 
stratum  or  series  of  strata  beneath,  which  have  been  washed  away  to 
qaite  a  depth  in  the  hill-side.  The  same  action  of  water  has  taken 
place  below  where  we  are  standing,  and  undermined  the  whole  area, 
and  the  fish-bearing  strata  have  fallen  down  and  rest  where  they 
now  are,  a  broken  precipitous  mass  of  dihris.  This  fact,  so  far  as  I 
know,  has  never  been  alluded  to.  M.  Humbert  speaks  of  the  fact 
of  the  steep  inclination  of  the  strata,  and  says  that  this  inclination 
has  occasioned  landslips,  and  rendered  stratigraphical  observation 
difficult,  bnt  he  does  not  seem  to  suggest  that  the  "  steep  inclination  " 
was  occasioned  by  undermining  and  a  consequent  landfalL  .  I  have 
not  much  doubt  in  my  own  mind  that  such  is  the  fact. 

Sahel  Alma  is  nearer  Beirut,  and  may  be  visited  from  the  latter 
place  in  one  day,  with  an  allowance  of  two  or  three  hours  at  the 
Moosiity.    We  leave  Beirtlt  early,  pass  by  the  traditional  site  of  St. 
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i)«ii'«^^«  enooonter  with  the  Dragon,  canter  over  the  sandy  beach  of 
$L  iv^vge^s  Bay,  and  stumble  on  the  remains  of  an  old  Koman  road 
wUch  cut  through  a  cave,  leaving  exposed  to  this  day  a  breccia  of 
KvMw  flint  flakes,  etc.  In  specimens  of  this,  submitted  to  Dr.  Fraas, 
h«  has  lYCOgnisod  Bos  priacua,  superior  and  inferior  molar,  Rhinoceroa 
fHJkitrkinmM,  inferior  molar.  We  pass  around  the  Dog  Biver  Pro- 
uivWlDry  under  the  celebrated  stone-cut  inscriptions,  ford  Dog  River, 
<«oat  the  next  point,  and  reach  Jmieh  Bay  in  an  easy  three  hours 
fhNtt  Beirtlt.  About  two-thirds  the  distance  across  the  beach  of  this 
b^V  we  strike  up  the  steep  hill-side  toward  the  apparently  vertical 
«tnta  before  us  in  the  mountain.  A  short  climb  brings  us  to  the 
convent,  under  the  very  walls  of  which,  and  in  a  fig  orchard, 
outorops  the  stratum  of  white  chalky  limestone  whence  so  many 
beautiful  specimens  have  been  obtained.  The  place  is  about  300 
l««t  above  the  level  of  the  sea,  and  a  little  more  than  a  mile  distant 
fh)m  the  shore.  The  exposed  stratum  is  steeply  inclined,  as  are  all 
tlie  strata  in  that  part,  and  the  exposed  rock  abounds  in  specimens, 
which  lie  in  all  directions,  some  of  the  fish  passing  through  an  inch 
or  more  of  thickness,  t.e.  the  head  deeper  in  the  rock  than  the  tail, 
or  vice  veraa.  The  rock  is  soft  chalky  white,  easily  cut  or  sawed, 
and  differs  entirely  from  the  H&kel  rook,  which  is  heavy,  and  brittle, 
with  a  much  more  distinct  tendency  to  split  into  layers  than  the 
Sahel  Alma  limestone. 

But  I  have  already  exceeded  the  limits  which  I  intended  to  assign 
to  this  introductory  article.  The  lithological  and  geological  questions 
which  must  be  answered,  the  relation  of  the  fauna  of  the  two 
principal  localities,  and  the  description  of  new  and  interesting 
species,  must  be  left  to  future  articles. 

VII. — On  the   Oooubbemok  op   a  Fbeshwateb  Spongb    in  the 

PuBBECK  Limestone. 

By  John  T.  Young,  F.G.S. 

IN  the  course  of  a  re-investigation  into  the  vexed  question  of  the 
origin  and  nature  of  Chalk  flints,  the  very  natural  suggestion 
occurred  to  me  that  the  remains  of  a  freshwater  sponge  might 
probably  be  found  in  the  *'  flints  " '  of  the  Purbeck  limestones,  and 
a  recent  visit  to  Lulworth  afforded  the  opportunity  of  verifying  the 
conjecture.  Patches  of  spicules  with  valves  of  Ck/pria,  etc.,  etc.,  occur 
in  most  of  the  specimens  then  obtained.  The  spicules  are  fusiform, 
slightly  curved  and  tuberculated  like  those  of  Spongilla  fluviatilia, 
but  larger.  The  longest  spicule  I  have  been  able  to  measure  is 
about  iiV  of  an  inch  in  length ;  largest  diameter  rir  of  an  inch. 
The  spicules  of  S.  fluviatilia  from  Henley-on-Thames  average  ftom 
T^  to  T^TT  iuch  in  length,  and  are  about  ivW  iuch  in  diameter. 
The  sketch  Fig.  h  represents  a  small  portion  of  a  section  of  '<  flint " 
(from  Stare  Cove)  as  seen  by  reflected  light  tmder  a  2-inch  objective. 
It  has  been  touched  with  fluoric  acid  to  bring  out  the  spicules. 
Before  this  was  done,  they  were  so  obscure  as  to  be  scarcely  visible, 
although  they  are  shown  plainly  enough  on  the  weathered  surface. 
^ba  specimen  from  which  the  section  was  cut  is  almost  entirely 

*  Or  more  propetVy "  chsact." 
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made  up  of  Bpicules.  Fig.  a  is  a  spicule  of  S.  fiaviatiUt  as  seen 
under  a  J-inch  objective,  I  do  not  wigh  it  to  be  inferred  that  the 
tnberculation  of  the  foaeil  apicales  is  as  plainly  sliowu — it  is  shown, 
and  that  is  all. 


I  do  not  know  that  the  oooiurence  of  a  fossil  freshwater  sponge 
in  the  British  area  has  been  recorded  before — and  I  thought  it 
might  be  interesting  to  moke  a  note  of  it  now.  I  have  no  doubt 
a  careful  search  would  be  repaid  by  the  discovery  of  specimens  in 
which  the  orderly  arrangement  of  the  spicules  is  preserved.  Should 
I  have  an  opportunity  of  doing  so,  some  day  I  will  look  for  them ;  if 
not,  some  one  else  may  think  it  worth  while  to  do  so.  Heantime,  as 
I  suppose  the  sponge  mnst  have  a  name — although  I  am  almost 
afraid  to  suggest  one,  lest  it  should  already  have  been  noticed  and 
named — I  propose  to  call  it  Spongilla  Purbeekentis. 


I. — Thi  EvoinioN  or  thb  Tebtiabx  liAHXALii.  Lea  EnohMne- 
ments  da  Honde  Animal  dans  les  temps  G^logiqnes  Hammif^res 
Tertiaires.  Par  Prof.  Albkbt  Gausrt.  Koyal  8vo.  pp.  296,  avoo 
312  gravures  dans  le  texte.     (Paris  :  Libraire  F.  Savy,  1878.) 

THE  general  tendency  of  modem  thought  among  scientifio  men 
as  regards  the  aaccession  of  animal  life  on  the  Earth  has  for  the 
last  twenty  years  flowed  in  an  almost  uninterrupted  current,  not 
always  by  the  same  channels,  but  biassed  by  the  same  inclination, 
towards  the  prevailing  doctrine  of  Evolution. 

Indeed,  whether  we  tnm  to  the  East  or  to  the  West,  we  are 
forcibly  struck  by  the  oostnopolitan  nature  of  scientific  opinion  in 
this  respect.  Marsh  and  Cope  in  America,  Darwin,  Huxley,  and 
Parker,  in  England,  Qaudry  in  France,  Haeokel  in  Germany,  Dohm 
in  Naples,  are  all  directing  oar  ideas  in  the  same  course.  Even 
Prof.  Owen,  whose  early  reeearohes  on  Homologies,  like  those  of 
Linnaaus  in  classification,  were  the  advanoe-goard  of  the  army  of 
Evolutionary  ideas,  has  of  late  adopted  the  legitimate  consequences 
of  the  Philosophy  of  Evolution,  by  tracing  the  descent  of  some 
existing  types  of  life. 

These  views  must  not,  however,  be  classed  by  the  reader  with  those 
chimerical  speculations  in  which  the  earlier  natnralista  indulged, 
at  the  beginning  of  this  century;  more  frequently  they  are  the 
genuine  outcomings  of  laborious  research,  often  carried  on  under 
great  diffioulties,  by  men  whose  minds  bad  been  previonsly  tnioad. 
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to  avprociats  and  nndentand  the  nature  of  the  disooveries  thej 

Urns  at  Pikenni  in  Attica ;  in  the  far  Western  States  of  America  ; 
at  SanMOSy  Allier,  Leberon,  and  other  localities  in  France,  such 
|Mat  and  important  additions  have  been  made  of  late  to  our  know- 
Ve^ige,  that  it  has  even  been  found  possible  to  speak  with  some 
^^QiiS^Mioe  of  the  Evolution  of  the  Mammalia  sinoe  their  first 
Mmaianoe  in  numerical  importance  in  the  Gainozoio  peitod  of  our 
Biitii'a  kistoiy. 

After  twenty  years  of  research  among  the  Tertiary  Mammalia, 
IV'^tfMor  Gaudry  has  become  convinced  that  the  infinite  diversity 
of  forms  which  they  manifest  are  the  result  of  one  dominant  plan 
Moulting  from  a  Supreme  Intelligence.  This  plan  is  made  intelli- 
isihle  by  EoohUion,  which  enables  him  to  demonstrate  the  relation  to 
«iioh  other  of  the  mammals  of  which  remains  are  found  in  the  suc- 
OMsive  Tertiary  deposits.  He  devotes,  as  a  rule,  a  chapter  to  each 
Cttdinal  group,  and  begins  with  the  Marsupials.  In  this  notice  we 
•hall  foUow  him  through  the  ten  chapters  into  whiich  the  book  is 
divided,  so  as  to  set  forth  the  more  striking  results  'at  which  the 
author  has  arrived  as  the  reward  of  researches  which,  in  this  depart- 
ment of  palseontology,  have  not  been  surpassed  by  any  investigator. 

There  are  no  Herbivorous  Marsupials  in  the  Tertiary  rocks  ;  and 
it  is  urged  that,  from  the  way  in  which  the  movements  of  the  parent 
are  controlled  by  the  helpless  condition  of  the  young,  this  Order 
would  be  at  a  disadvantage  in  the  struggle  for  existence,  as  compared 
with  the  higher  herbivorous  mammals ;  and  that  this  disadvantage 
would  lead  to  their  extermination  in  the  European  Tertiary  area. 
In  the  older  Tertiaries  of  Paris,  Auvergne,  and  Vaucluse,  Carnivo- 
rous Marsupials  are  found  which  so  closely  resemble  the  existing 
Opossums  that  at  present  it  is  not  easy  to  separate  them  by  generic 
characters. 

Hycmodan  and  Pterodon,  though  in  their  dentition  somewhat  inter- 
mediate between  the  Placental  and  Implacental  types,  are  inferred 
to  have  been  Marsupials  on  the  evidence  of  the  form  of  the  axis, 
which  closely  resembles  that  of  the  living  American  species  Didelphis 
eancrivora.  This  intermediate  character  is  borne  out  by  several 
other  genera,  such  as  Palaonictis,  and  Cynohyanodon  or  Proviver^Ba 
found  in  the  Phosphorites  of  Quercy.  Arctocyon  has  been  shown  by 
Glervais  to  be  an  Omnivorous  Marsupial,  resembling  the  Bears.  It 
is  found  impossible  to  understand  this  blending  of  characters  in  the 
Tertiary  genera  except  upon  the  hypothesis  that  the  Implacental 
mammals  of  the  Secondary  rocks  became  ultimately  developed  into 
the  Placental  type,  and  it  is  in  this  way  that  the  author  is  disposed 
to  explain  the  many  resemblances  to  Marsupials  shown  in  fossil 
Camivora,  living  Lemurs  and  other  animals. 

The  types  of  marine  mammalia  are  not  numerous.  Squalodan  in 
the  Miocene,  and  the  many  Cetaceans  of  the  Antwerp  Crag.  This 
evidence  does  not  justify  any  conclusion  as  to  the  parentage  of  the 
Haliiherium  is  an  intermediate  type  between  the  Dugong 
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and  Lamantin ;  and  Pugmeodon  is  intermediate  between  the  Lamantin 
and  Hdlitherium.  Zeuglodon  the  author  is  inclined  to  plaoe  nearer  to 
the  Seals  than  the  Whales,  chiefly  on  the  form  of  its  skull. 

The .  Pachyderms  form  a  large  group,  and  the  resemblances  of 
extinct  to  living  species  are  very  marked.  The  Bhinoceroa  was 
preceded  by  Acerotherium,  Palaotherium  and  Pcdophiherium ;  and 
the  distinction  between  these  types  is  shown  chiefly  in  the  skull  and 
in  the  dentition.  Acerotherium  is  essentially  a  Ehinoeeros  without 
horns,  and  consequently  with  smaller  nasal  bones ;  and  the  fossil 
species  of  Rhinoceros  show  all  intermediate  conditions  of  this  region 
of  the  skull.  The  incisors  of  Acerotherium  in  America  are  three  pairs, 
as  in  Palaotherium^  and  this  number  is  also  found  in  the  Bhinoceroe 
Sivalensia  of  India,  so  that  there  is  a  passage  from  a  complete  incisive 
dentition  in  this  type,  through  various  species  of  Bhinoceroe  to 
animals  in  which  the  incisors  are  lost.  The  author  deals  with  the 
difficulty  of  molar  teeth  by  accepting  the  view  held  by  some 
anatomists  of  this  country,  that  they  are  really  compound  teeth 
formed  by  the  blending  together  of  several  simple  teeth,  which  are 
now  indicated  by  the  denticles.  The  Tapirs  are  similarly  traced  to 
Lophiodon  of  the  Eocene,  by  means  of  the  American  genus  Hyraohyua; 
and  the  relation  of  the  teeth  of  Lophiodon  to  those  of  Bhinoceroa  is 
fully  indicated.  The  Pigs  are  traced  in  the  genus  Sue  to  the  Middle 
Miocene.  Sue  Locharti  is  nearly  allied  to  Hyotherium,  and  this  genus 
is  closely  allied  to  PaUeocharue,  which  resembles  the  Peccary  of 
South  America.  Palaochama  passes  to  Charopotamue,  and  this  genus 
is  closely  related  to  Dichohune. 

The  Buminants  are  discussed  chiefly  as  to  their  horns  cmd  teeth, 
and  the  modifications  of  the  extremities.  Unlike  the  Pachyderms, 
which  abound  chiefly  in  the  older  Tertiaries,  the  Buminants 
flourish  most  in  the  later  periods.  The  earliest  known  genera  are 
Xiphodon,  Dichodon,  and  Amphimeryx,  Most  of  the  older  American 
Buminants,  like  Xiphodon,  possess  some  of  the  characters  of  Pachy- 
derms. In  France  Oelocue  and  Dremotheritim  exemplify  this  point. 
In  the  Upper  Miocene  all  the  chief  ruminant  types  are  developed. 
The  older  forms,  such  as  Oreodon,  are  without  horns.  The  first 
Antelopes  have  the  horns  very  small,  and  they  appear  to  have  de- 
veloped gradually,  becoming  relatively  large  in  Antelope  recticornis 
of  the  Lower  Pliocene.  Antlers  also  developed  gradually,  just  as 
they  grow  in  complexity  in  the  life  of  existing  Deer.  In  the 
Middle  Miocene  the  genus  Dicroceras  has  antlers  with  two  prongs, 
in  the  Upper  Miocene  the  antler  has  three  prongs,  and  it  is  only  in 
the  Pliocene  and  Post-Tertiary  that  antlers  attain  the  complexity 
seen  in  existing  species.  Since  the  fossil  antlers  are  always  attached 
to  the  skull,  the  author  suggests  that  they  may  have  been  permanent 
in  the  older  types,  and  subsequently  became  deciduous,  and  remarks 
that  at  first  only  the  upper  portion  of  the  antler  was  shed,  long 
pedestals  remaining  attached  to  the  frontal  bones. 

The  earlier  Buminants,  Oreodon,  Dichodon,  and  Xiphodon,  have 
canines  and  incisors  in  the  upper  jaw  like  Pachyderms.  An 
elaborate  examination  of  the  molar  teeth,  however,  fa&lA  tA  «EQi!^gg6%\» 
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of  Paebyderm  from  wbioL  the  Euminants 
*  e^-^i^rcc.  tb<?«^  the  eridenoe  of  such  evolution  may  be  re- 
in the  digits  of  the  limbe,  the  author  makes 
1  p^rcxc  V  f  rmLiatia^  m  that  existing  genera  show  transitionB  from 
!TTws  vi^  3c«r  necajoiial  bones  to  those  in  which  there  is  but  one. 
Asd  by  t7K£2x  the  ancectral  forms  of  the  more  specialized  living 
,C«n!rs»  a  sbxilir  sefies  of  modifioations  is  met  with,  until,  in  the 
Mrliier  r»^ra.  the  m«<a|K.idial  bones  are  all  separated.  The  means 
W  «5cft  tae  jarriTing  types  have  been  evolved  are  (1)  the  first, 
MCtfiai  aad  dtth  metatarsals  and  first  cuneiform  are  carried  back- 
wxi  :  ^:?'  the  posterior  part  of  the  third  metatarsal  is  enlarged  to 
sofQun  the  onneiform :  (3)  the  first  and  second  cuneiform  elements 
of  the  tarsQS*  the  second  and  fifth  metatarsals  and  the  trapezius 
l««.>>aie  very  small ;  (4)  the  bones  are  modified  by  blending  of  the 
various  elements  of  the  metacarpus  and  metatarsus. 

The  ancestry  of  the  Horse  occupies  the  fifth  chapter,  and  is  ex- 
amined first  by  tracing  the  modifications  of  the  teeth  in  Miocene 
and  Eocene  genera,  and   afterwards  by  a  study  of  the  limbs  in 
thc«e  animals.     There  is  but  little  here  added  to  the  researches 
of  Professor  Huxley,  and  no  departure   is   made  from  the  con- 
clusions of  Professor  Marsh.     In  Europe  the  Horse  is  traced  from 
J»iaioplolikeriwm  by  way   of  Fachynolyphug  to   Anchttheritm,  which 
is  allied  by  its  teeth   to  Palaoiherium,  though  its  limbe  approx- 
imate to  Fahploiherium  and  Hipparion,  which  last  is  little  more 
than  a  Horse  with  two   small   supplemental   digits,  one  on  each 
side  of  the  hoof  which  supports    the    limb,      lliis   latter  transi- 
tion is  the  more  interesting,  since  monstrosities  of  the  living  horse 
sometimes  appear,  in  which  the  digits  on  one  limb  are  developed 
exactly  as  in  the  Miocene  Hipparion.  Such  a  horse  as  Equus  Sienmis 
of  the  Pliocene,  in  which  the  teeth  closely  approximate  to  Hipparion^ 
u  r^arded  as  the  immediate  ancestor  of  the  old-world  Horse.     In 
Ike  extremities  of  the  limbs  Acerotherium  of  the  Middle  Miocene, 
which  has    three  large   digits  and  a   small   one  on   the  outside, 
diverges   considerably   from    the   type   of   the  living  horse;    but 
J\ilaotheriumf  which  has  three  digits,  of  which  the  middle  one  is 
slightly  the  largest,  makes  a  nearer  approximation.     In  Faloplo- 
iktrium  the  lateral  digits  and  metapodial   bones  are  much   more 
reduced  in  size ;  while  in  Hipparion  the  reduction  in  size  is  carried  a 
stage  further,  and  the  middle  digits  proportionately  enlarged.     The 
author  quotes  with  approval  the  proposal  of  Professor  Marsh  to  derive 
the  Horse  from  the  Orohippua  through  a  series  of  animals  which  pro- 
gressively increased  in  size;   but  apparently  without  considering 
that,  if  his  own  view  and  that  of  Prof.  Marsh  are  both  acceptcil, 
then  we  should  have  two  distinct  lines  of  descent  for  the  Horse. 

The  sixth  chapter  is  an  exceedingly  able  exposition  of  the  grounds 
of  classification  of  the  Ungulata  by  means  of  the  teeth  and  limbs 
with  a  view  to  explaining  the  nature  of  the  osteological  modifica- 
tions which  gradually  evolved  the  Artiodactyla  and  Perissodactyla 
fi-om  a  common  stock.  The  author  considers  that  all  the  raodifica- 
which  the  extremities  of  the  even  and  odd-hoofed  Ungulata 
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present  result  from  the  necessity  that  the  foot  should  evenly  sup- 
port the  pressure  of  the  body.  In  the  latter  the  external  digit  is 
rather  more  slender  than  the  internal  digit,  and  from  this  fact  an 
explanation  is  derived  for  the  circumstance  that  in  the  Perissodac- 
tyla  the  fibula  rests  directly  on  the  tibia  instead  of  articulating  with 
the  calcaneum,  as  in  the  Artiodactyla.  This  leads  to  the  articulation 
of  the  calcaneum  with  the  cuboid  becoming  smaller,  and  therefore  to 
the  attenuation  of  the  fourth  digit,  so  that  the  whole  weight  of  the 
animal  is  thrown  on  the  astragalus,  which  is  carried  by  the  navicu- 
lare,  which  is  itself  carried  by  the  third  cuneiform  bone,  which  sup- 
ports the  third  or  middle  digit  of  the  foot.  Hence  it  follows  that  the 
astragalus  of  the  odd-hoofed  types,  which  is  flattened  in  front,  is 
modified  from  the  type  of  the  even-hoofed  animals,  and  the  same 
conclusion  is  supported  by  a  consideration  of  the  other  tarsal  bones. 
It  is  even  less  difficult  to  establish  a  common  parentage  for  the  two 
groups  by  means  of  the  teeth.  These  considerations  raise  the  ques- 
tion whether  the  basis  of  classification  should  be  taken  from  the 
divergent  descendants  which  survive  or  have  been  elaborated,  or 
whether  the  geological  evidence  has  not  now  rendered  it  imperative 
to  unite  in  one  great  group  orders  of  animals  which  have  hitherto 
been  regarded  as  having  a  wider  separation  from  each  other  than  has 
here  been  set  forth. 

The  seventh  chapter  deals  with  the  Elephants,  Mastodon  and 
Dinotherium,  all  of  which  date  from  Miocene  times.  But  slender 
additions  are  made  to  current  knowledge  of  these  animals,  and 
while  indicating  the  obvious  similitudes  of  their  teeth  to  those  of 
some  living  types,  the  author  finds  no  pala^ntological  grounds  for 
suggesting  their  parentage. 

Similar  difficulties,  arising  from  the  imperfect  way  in  which 
their  remains  are  known,  beset  the  comparative  study  of  Eden- 
tates, Eodents,  Insectivora  and  Cheiroptera,  to  which  the  next 
chapter  is  devoted.  Edentates  are  known  in  Europe,  in  the 
Eocene  and  Miocene ;  and  in  America  they  are  only  known  from 
.  the  newest  formations.  Macrotherium,  an  enormous  animal  from  the 
Middle  Miocene,  might  have  been  a  climber.  It  had  relatively  small 
hind-limbs,  and  claws  drawn  back  towards  the  metacarpals,  so  as  not 
to  impede  progression  on  the  ground.  Ancylotherium  from  Pikermi 
is  intermediate  between  the  climbing  and  walking  Edentates.  A 
few  Rodents  occur  in  the  Eocene ;  in  the  Upper  Miocene  of  Greece 
we  have  Porcupines;  Hares  in  the  Pliocene  of  Auvergne;  and 
Beavers  in  the  Upper  Miocene :  all  the  extinct  genera  only  differ 
from  those  now  lining  in  min^r  ohamoters.  H^gehogs,  Shrews, 
and  Moles,  are  all  represented  in  geological  time ;  Hedgehogs  in 
the  Miocene  of  Auvergne ;  Moles  in  the  same  locality,  as  well  as 
at  the  foot  of  the  Pyrenees  and  on  the  Ehine  ;  Shrews  are  found  in 
the  Bourbonnais  ;  some  of  the.  old  Miocene  forms  are  so  much 
generalized  that  PJesioBorexy  for  instance,  was  regarded  as  a  Hedge- 
hog by  De  Blainville.  The  Cheiroptera  are  very  imperfectly  known, 
and  give  no  evidence  of  their  descent. 

The  ninth  chapter  treats  of  the  Camivora.    Here,  espec\eA\^  A^>  v^ 
DBCADB  n. — yoL.  r,^»o.  y.  \h 
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to  be  noted  that  while  all  the  common  living  types  have  representa- 
tive species  in  a  fossil  state,  many  date  to  the  Pliocene  period.     And 
many  of  the  extinct  genera  serve  to  bridge  over  the  interval  l^e- 
tween  surviving  animals.   Thus  the  Miocene  genus  Amphicyon,  with 
a  number  of  the  most  striking  characteristics  of  Dogs,  yet  was  a 
plantigrade  animal  like  the  Bears,  probably   able   to  climb,   and 
resembled  bears  in  minor  dental  characters.      Again,    ZTyanarctos 
is  l>etween  the  Seal's  and  Amphicyon,  having  an  inner  row  of  denticles 
to  the  teeth.    In  the  same  way  Cynodon  from  the  Phosphorites  of 
Quercy  completely  bridges  over  the  gap  in  dentition  between  the  Civets 
and  the  Dogs.    Hyomas,  in  the  same  manner,  are  shown  to  have  been 
closely  related  to  the  Civets  by  means  of  the  fossil  genera  Ictitherium 
and  IfyanieiU;  the  former  is  a  modified  Civet  with  four  digits  like 
Hyaena,  and  producing  similar  coprolites;    while  the  latter  is   a 
modified  Hyaena,  closely  approaching  Ictitherium.     The  Martens  are 
represented  in  Miocene  times  by  European  and  American  genera, 
but  these  do  not  make  such  striking  approximations  to  the  Civets  as 
to  altogether  break  down  the  distinction  between  the  two  groups. 
Some  remarkable  fossil  genera,  like  Machoirodus,  have  left  no  descen- 
Jjints.    The  author  inclines  to  believe  that  carnivorous  animals  may 
perhaps  be  descended  from  the  Herbivora,  pointing  out  that  Bears 
niost  nearly  resemble  the  Pachyderms. 

The  last  chapter  deals  with  Lemurs  and  Apes.     The  oldest  lemur 
is  Ctenopiihectu  from  the  Eocene,  and  from  Quercy  there  are  several 
lemurs  which  show  affinities  with  the  Ungulata,  suggesting  a  com- 
mon origin  for  lemurs  and  several  of  the  Eocene  pachyderms.     This 
is  also  strongly  indicated   by  the   fact   that  Cuvier  arranged  the 
lomurine  genus    Adapis  with   the   Pachyderms,  and   that  Gervais 
provisionally  classed  the  Lemur  Aphelotherium  near  to  Pachyderms. 
Some  of  the  earlier  Apes  also  appear  to  have  affinities  with  Pachy- 
derms ;  this  is  seen  in  CebocharuB  from  the  lignites  of  Debruge  ;  and 
the  conclusion  that  Hyracotherium  presents  some  ape-like  characters 
is  supported  by  the  fact  that  our  illustrious  anatomist,  Prof.  Owen, 
described,  from  the  London  Clay,  some  teeth  as  those  of  a  monkey 
which  he  was  afterwards  led  to  refer  to  that  genus.     The  teeth  of 
Oreopithecua,  from  the  Miocene  of  Italy,  show  some  resemblances  to 
Charopotamus.     True  apes,  and  anthropomorplious  apes,  date  from 
the    Middle  Miocene.     The  apes  include  SemnopiihecuB  from   the 
Sewalik   Hills  and  Montpellier,  and   Mesopithecua  from   PikenuL 
which  api)ears  to  have  been  gregarious,  and  to  have  been  a  walker 
rather  than  a  climber.     This  latter  genus  is  intermediate  between 
Semnopithecus  and  the  Macaques.     Tlie  anthro|X)moq)hous  apes  in- 
clude Fliopithecua  and  Dryopithecus,  tlie  latter  being  of  a  very  high 
type,  but  differed  from  Man  in  many  points,  especially  in  the  large 
size  of  the  canines  in  the  males.     Finally,  a  number  of  observers 
have  recoRled   from  the  Miocene  bones  which  show  cuts  such  as 
might  have  been  made  by  ^lan,  and  although  the  believers  in  these 
supposed  evidences  of  the  antiquity  of  our  race  are  few,  the  evi- 
dence is  Knp])ortod  by  the  occurrence  of  flint  knives  and  other  flint 
\JH)U8  in  the  Middle  Miocene  of  Beauce.     But  the  interval  is  so 
botween  these  beds  and  the  i^o^&t-^lacial  gravels,  and  the 
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character  of  the  human  work  is  so  like  that  from  the  more  recent 
deposits,  that  some  further  evidence  maj  be  desired  before  this 
remote  antiquity  for  Man  is  generally  accepted. 

In  conclusion  the  author  gives  a  summary,  pointing  out  the  brief 
duration  in  time  of  all  the  giant  types,  and  gives  an  impartial 
analysis  of  the  conclusions  which  we  have  condensed  in  the  pre- 
ceding pages.  He  considers  that  from  the  doctrine  of  Evolution  we 
should  be  justified  in  regarding  a  deposit  as  Eocene  if  the  mammals 
w^e  numerous,  but  unlike  those  now  living  and  unassociated  with 
true  Buminants,  Solipeds,  Proboscidians  and  Apes.  In  the  older 
Miocene  we  should  expect  to  find  living  genera  rare,  Marsupials 
disappearing,  Pachyderms  passing  into  Horses,  and  the  incoming  of 
true  Buminants.  In  the  newer  Miocene  Marsupials  would  be  lost, 
but  Buminants,  Horses,  Whales,  Edentates,  Elephants,  Camivora,  and 
Apes,  are  represented  by  numerous  individuals  and  many  genera, 
some  of  which  diverge  from  living  forms.  While  in  the  Pliocene 
the  genera  are  mostly  still  living,  though  the  species  are  extinct. 

No  popular  exposition  of  palaeontological  results,  so  clear  and  pro- 
found, and  intelligible  to  all  who  have  a  slight  acquaintance  with 
Natural  History,  has  ever  before  been  offered  to  scientific  students. 
And  the  300  excellent  woodcuts  carry  conviction  home  better  than 
words  could  do,  and  make  the  work  invaluable  for  easy  reference  to  the 
chief  forms  of  fossil  mammals.  Points  of  difference  with  an  author 
presenting  so  many  striking  and  suggestive  ideas  must  alnK)st  inevi- 
tably occur  to  readers;  and  for  ourselves  we  may  say  that  the  reasons 
given  are  not  altogether  convincing  that  the  even -hoofed  Ungulata 
were  the  parents  of  the  odd-hoofed  section  of  the  group,  because 
the  argument,  to  have  been  conclusive,  should  have  been  carried 
from  the  digits  up  to  the  fibula,  and  not  from  the  fibula  to  the 
digits  And  we  venture  to  suggest  that  no  cause  competent  to 
modify  the  relations  of  the  fibula  could  be  found  elsewhere  than  in 
the  influence  of  digital  development  and  modification  upon  the  tarsus. 
Bat  although  such  like  arguments  may  sometimes  need  a  little 
more  elaboration,  no  one  can  rise  from  the  perusal  of  the  book 
without  being  conscious  that  an  invaluable  survey  of  the  Mammalia 
has  been  made  by  a  great  master  of  the  subject,  or  without  a  feeling 
of  gratitude  to  its  distinguished  author.  H.  G.  Sbblkt. 


II. — ^Thx  Lake-Dwbllinqs  or  Switzebland  and  othkr  Pabts  of 
EvsoPK.  By  Dr.  Fkbdinamd  Eellbb.  Translated  and  arranged 
by  John  Edwabd  Lbs,  F.S.A.,  F.G.S.  Second  edition,  greatly 
enlarged.  In  two  volumes.  Boyal  8va  vol.  i.  pp.  xvL  and 
696,  with  a  frontispiece  and  50  woodcut«  ;  vol.  ii  pp.  28  and 
206  lithographic  plates.  (London :  Longmans,  Oreen,  &  Co., 
1878.) 

OWING  to  the  great  impetus  given  of  late  years  to  all  branches 
of  Prehistoric  investigations,  the  publications  on  this  subject 
have  become  so  numerous  that  one  almost  needs  to  take  advice  in 
order  to  ascertain  what  to  read,  think,  or  avoid,  on  all  Quaternary 
matters.  We  may,  however,  without  hesitation,  recommend  to  o\it 
readers   such  undoubtedly  standard    works  as  ¥ioL  ^.  '^^^^ 
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Dawkins'  "Cave  Hunting";  Dr.  Jobn  Evans'  "Ancient  Stone  Im- 
plements of  Great  Britain  " ;  Messrs.  Lartet  and  Christy's  "  Beliqui» 
Aquitanicsd  "  ;  Sir  John  Lubbock's  "  Prehistoric  Times  " ;  Sir  Charles 
Lyell's  "  Antiquity  of  Man  " ;  Mr.  E.  B.  Tyler's  "  Early  History  of 
Mankind";  Mr.  Edward  T.  Stevens'  "Flint  Chips";  and  lastly, 
but  by  no  means  least,  Keller's  "Lake-Dwellings  of  Switzerland 
and  other  Parts  of  Europe." 

In  August,  1877,  we  drew  attention  to  this  work,  then  in  the 
press.^  The  first  i^pearanoe  of  Keller's  book  in  English  was 
noticed  by  us  in  the  Geological  Magazine  for  1866  (Vol.  III. 
p.  460).  This  edition  formed  a  single  volume  of  426  pages  and 
96  plates.  We  now  find  it  has  grown,  in  1878,  to  740  pages  and 
206  plates,  containing  representations  of  more  than  two  thousand 
five  hundred  objects. 

Dr.  Keller  may  congratulate  hims^f  on  his  good  fortune  in 
possessing  such  a  friend  and  translator  as  Mr.  John  Edward  Lee  to 
make  his  researches  known  to  so  large  a  body  of  readers  as  the 
English  language  is  sure  to  command,  both  here  and  in  the 
Colonies,  and  also  in  the  United  States. 

Mr.  Lee's  original  edition  of  Keller's  work  mainly  consists  of  a 
translation  of  his  six  reports  presented  at  various  times  to  the 
Antiquarian  Association  of  Zurich,  with  notes  and  some  few  addi- 
tions. More  than  ten  years  have  elapsed  since  that  publication 
appeared.  In  the  new  edition  we  have  embodied  the  whole  of 
the  previous  matter  and  a  seventh  report  by  the  same  excellent 
authority.  To  this  Mr.  Lee  has  added  a  short  account  of  every 
settlement  of  interest  which  has  been  carefully  explored,  always, 
as  far  as  possible,  translated  or  abstracted  from  the  original  report 
or  memoir.  In  the  first  edition  about  1500  lake-dwellings  were 
noticed;  the  present  edition  contains  descriptions  of  between  two 
and  three  thousand  I 

It  is  hardly  too  much  to  say  that  the  work,  as  it  now  appears, 
embodies  all  that  has  hitherto  been  written  upon  this  interesting 
subject,  whether  from  English,  French,  Swiss,  Qerman,  Austro- 
Hungarian,  or  Italian  sources  of  information.  Strange  to  say,  that 
the  Dutch,  who,  from  the  earliest  times  to  the  present  day,  have 
always  been  the  greatest  pile-dwelling  and  pile-driving  nation  in 
the  world,  find  no  place  in  these  volumes.  Will  no  enterprising 
native  venture  to  write  a  history  of  the  first  pile-dwelling  in 
Holland  ?  Or  is  the  Dutch  mind  too  prosaic  and  matter-of-fact  to 
enter  upon  such  speculations  ?  We  hope,  if  Mr.  Lee  ventures  on  a 
third  edition,  he  will  avail  himself  of  this  suggestion. 

One  feature  of  the  new  edition  of  Keller's  "  Lake-Dwellings  " 
is  the  introduction  of  much  valuable  information  relative  to  the 
persistence  among  various  races  of  mankind  of  the  practice  of 
jerecting  similar  structures  at  the  present  day.  If  the  old  feudal 
stronghold  of  our  ancestors,  with  its  outworks,  drawbridges,  and 
moats,  is  but  a  modification  of  the  still  more  primitive  crannoge 
and  pfahlbau :  what  wonder  then  if  actual  pile-dwellings  should  have 

^  See  Gbol.  Mao.  1877,  Dec.  II.  Vol.  IV.  p.  366. 
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survived  among  modem  savages  in  their  original  Bimplioity  in  such 
varied  localities  as  the  Lake-district  of  Central  Africa ;  New 
Guinea ;  Venezuela ;  on  the  Gulf  of  Maracaibo ;  on  the  Orinoco ; 
and  the  Amazons  in  South  America?  In  Singapore  and  Japan 
this  form  of  pile-dwelling  over  the  water  is  still  in  vogue.  It  is  the 
best  possible  proof  that  in  the  construction  of  these  primitive  habi- 
tations, as  in  the  fabrication  of  his  weapons,  early  man,  under 
similar  circumstances,  and  impelled  by  like  necessities,  has  always 
acted  in  a  similar  manner  independent  of  time  and  space.  We  do 
not  therefore  attach  any  special  importance  to  the  fact  of  the  early 
Swiss  Lake^Dwellers  using  this  form  of  habitation;  we  believe  it 
was  a  necessity  of  their  existence  which  caused  them  so  to  build. 
Dr.  Keller  himself  observes  : — "  As  no  national  distinction  can  be 
proved  between  the  dwellers  on  land  and  the  dwellers  on  the  lakes, 
so  in  like  manner  no  serious  doubt  can  arise  as  to  the  identity  of  the 
people  who  first  made  use  of  stone  celts,  then  made  implements  of 
bronze  of  admirable  quality,  and,  lastly,  forged  its  weapons  and 
tools  out  of  iron.  The  difference  of  material  used  for  the  various 
implements  marks  the  epochs  which  follow  each  other  in  the  de- 
velopment of  one  and  the  same  race,  not  the  degree  of  civilization 
of  different  peoples."  (p.  493.) 

The  researches  of  Professors  Heer,  Euttmeyer,  and  others,  into  the 
plant-  and  animal-remains  discovered  on  the  sites  of  these  amphibian 
habitations  show  that  even  the  older  pile-dwellers  attempted  the  cul- 
tivation of  some  cereals  to  be  stored  together  with  dried  fruits  for 
winter  use;  and  although  in  the  earliest  dwellings  the  larger 
proportion  of  animal-remains  are  made  up  of  the  bones  of  wild 
beasts,  such  as  the  red  deer,  the  wild  boar,  roebuck,  etc.,  yet  they 
seem  at  that  period  already  to  have  possessed  the  cow  and  the  goat. 
At  first  these  were  no  doubt  kept  simply  for  the  sake  of  their  milk ; 
but  oxen  were  employed  from  a  very  earlv  period  to  draw  loads;  the 
discovery  of  the  pig  as  a  source  of  excellent  food,  and  probably  as 
a  substitute  for  cannibal  repasts,,  belongs  also  to  an  advanced  period 
of  primitive  life.  From  the  earliest  times  man  aji^ears  to  have 
been  accompanied  hy  the  dog,  which,  in  his  hunter  state,  and  also 
afterwards  as  a  shepherd  or  swineherd,  would  prove  a  most  valuable 
companion,  worthy  to  share  in  his  repasts  and  to  enjoy  the  warmth 
and  shelter  of  his  hut  or  cave. 

The  process  of  Evolution  can  clearly  be  traced  in  the  relics  of 
these  early  abodes  of  man  ;  for  with  advancing  civilization  we  find 
not  only  the  diminution  of  wild  animals  eaten  as  food,  and  the 
obvious  greater  consumption  of  domesticated  breeds  of  pig,  ox  and 
sheep,  but  his  weapons  increase  in  quality  of  workmanship  and 
materials,  and  the  horse,  and  probably  also  the  ass,  were  added  to 
bis  other  domesticated  animals. 

One  interesting  geological  feature  connected  with  these  early 
habitations  in  Switzerland  is,  that  in  many  instances  they  afford 
valuable  evidence  as  to  the  rate  of  the  filling  up  of  lakea  by  vegetable 
growths,  and  by  the  accumulation  of  sediments  or  alluvial  deposits. 
From  the  evidence  collected  by  Mr.  Lee  it  would  Beem  WiaX  Q^  ^^ 
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two  causes  in  operation,  plant-growth  is  a  more  rapid  agent  in 
filling  up  lakes  than  the  washing  down  of  sediments.  Or  perhaps 
it  would  be  more  correct  to  say  that  every  deep  mountain  lake 
is  being  slowly  but  surely  shallowed  by  the  yearly  accumulation 
of  sediments,  and  that  having  at  last  reached  a  moderate  depth, 
at  which  aquatic  plants  thrive  and  grow  most  freely,  the  final  filling 
up  of  the  lake  is  accomplished  in  a  comparatively  brief  period  of 
time  by  the  more  rapid  production  of  peat,  and  the  fixing  of  iron. 

Mr.  Lee  alludes  (in  a  foot-note,  on  p.  495)  to  Mr.  A.  Tylor's 
"pluvial  period,"  which  he  thinks  "many  of  the  lake-dwelling 
facts,  as  far  as  they  go,  seem  rather  to  favour ; "  but  we  are  not  dis- 
posed attach  any  special  or  peculiar  meteorological  import  t6  the 
growth  of  peat  save  that  it  proves  the  climate  to  have  been  humid, 
the  temperature  probably  equivalent  to  that  of  Ireland,  the  country 
no  doubt  being  everywhere  clothed  with  forests  which  even  spread 
high  up  the  mountain  sides. 

If  we  venture  to  make  any  general  remark  on  this  new  edition  of 
Keller's  Lake-Dwellings,  it  is  in  reference  to  the  scrupulous  fidelity 
of  the  translator  (whether  in  dealing  with  the  Beports  of  Dr.  EeUer 
himself,  or,  the  thousand  and  one  separate  papers  by  other  authors, 
which  he  has  so  laboriously  brought  together  in  this  volume)  in 
always  adhering  to  the  original  text,  when  a  departure  from  it  would, 
we  think,  have  been  not  unfrequently  an  improvement,  and  have  in 
many  instances  avoided  a  too-frequent  recurrence,  in  different  words, 
of  the  same  general  ideas,  which,  having  been  once  enunciated, 
need  not  be  again  reiterated.  Whether  as  the  faithful  historian  or 
the  patient  translator,  we  would  crave  none  better  than  Dr.  EeUer 
and  Mr.  John  Edward  Lee. 


in. — Memoirs  of  thk  Qeolooical  Subvsy  of  England  and  Wales. 
The  Qeologt  of  the  Fsnland.  By  Sydney  B.  J.  Skertchly, 
F.Q.S.     8vo.  pp.  S35,  with  a  map  and  23  plates..    (London.) 

THEBE  is  no  tract  in  the  British  Isles  which  could  be  expected 
to  offer  less  temptation  to  the  geologist  than  that  large  area, 
including  the  Bedford  Level,  which  is  known  as  the  Fenland. 
Forming  portions  of  six  counties,^  it  occupies  about  1300  square 
miles,  for  the  most  part  consisting  of  a  monotonous  pliun  from  five 
to  twenty  feet  above  the  mean  tide-level,  and  only  diversified  by 
slight  elevations  which,  like  islands,  stand  out  here  and  there  from 
the  apparently  dead-level  of  the  fens.  Much  of  this  land,  we  are 
told,  is  below  the  high- water  mark  of  ordinary  tides,  and  would  be 
overflowed  almost  daily,  but  for  the  erection  of  great  banks  along 
the  sea-board. 

Happily  the  geologist  is  not  confined  to  the  scenes  of  the  present 
day,  for  however  uninviting  these  may  be,  he  can  usually  excite 
within  himself  some  enthusiasm  by  directing  his  mental  vision  to 
those  changes  which  have  taken  place  in  past  times,  in  restoring  to 
his  mind's  eye  pictures  of  the  ancient  scenery,  and  in  reading  those 

1  JJncoln,  Northampton,  Huntingdon,  Cambridge,  Suffolk,  and  Norfolk. 


JRevietv9 — TAe  Oeokgy  of  the  Fenland.  231 


lessons  in  the  history  of  life  which  the  hard  facts  of  Geology  con- 
tinually reveal.  Thus  such  a  dreary  district  as  the  Fenland  may 
become  invested  with  considerable  interest. 

.  To  attain  to  this  happy  state  of  mind,  much  hard  work  must  first 
of  all  inevitably  be  done ;  and  Mr.  Skertchly,  in  prosecuting  the 
work  of  the  Greological  Survey,  has  devoted  four  years  to  field-work 
and  to  the  study  of  the  ancient  and  modem  historical  records  which 
treat  of  the  land  he  describes. 

It  must  not  be  supposed  that  the  district  has  altogether  been 
neglected  by  geologists,  and  attention  is  drawn  to  the  observations 
especially  of  Sedgwick,  Bose,  Fisher,  Bonney,  and  Seeley,  who  have 
made  frequent  excursions  into  the  Fenland. 

Their  general  conclusions,  however,  by  no  means  harmonize  with 
those  at  which  Mr.  Skertchly  has  arrived,  and  if  they  seem  to  be 
rather  severely  criticized,  some  of  them,  at  any  rate,  will  be  able  to 
do  battle  in  support  of  their  views. 

Briefly  to  state  his  conclusions,  we  may  use  Mr.  Skertchly's  own 
words.  He  claims  to  have  finally  settled  the  relations  of  the  peat 
and  silt  beds  to  each  other,  the  age  and  marine  nature  of  most  of  the 
gravels,  the  origin  of  the  Boulder-clay,  and  the  interglacial  age  of 
the  palaeolithic  deposits. 

Mr.  Skertchly  describes  the  Fenland  as  an  old  bay  excavated  in 
the  Kimmeridge  and  Oxford  Clays,  and  filled  up  with  peat,  and 
gravel,  and  silt,  and  Boulder-clay. 

He  states  that  the  estuaries  of  the  fen  rivers  are  now  enclosed 
marshes ;  and  the  Wash,  whatever  parts  of  its  area  may  formerly 
have  been,  holds  no  such  relation  to  the  rivers,  nor  are  any  of  the 
fen-beds  delta-deposits. 

Three  areas  of  gravel  are  noted  at  the  surface :  a  northern  area 
which  merges  into  the  hill  drift  of  Lincolnshire ;  a  western  area 
which  is  a  true  beach  gravel ;  and  a  southern  and  eastern  area,  which 
seems  to  be  the  remains  of  the  old  valley  gravels  of  the  adjacent 
rivers.  These  are  all  older  than  the  peat  and  silt  beds,  and  are 
considered  newer  than  the  Chalky  Boulder-clay. 

The  peat  land  occupies  the  western  and  southern  portions  of  the 
Fenland;  the  silt  land  the  north  and  central  portions;  and  they 
show  that  the  ground  was  a  debatable  one  between  the  land  and  sea : 
for  when  the  one  prevailed,  peat  grew ;  and  when  the  other  had  the 
mastery,  silts  were  deposited.  There  is  no  definite  order  of  suc- 
cession in  these  two  groups,  inasmuch  as  they  inosculate  one  into 
the  other. 

In  the  vicinity  of  the  highlands  buried  forests  are  found  in  the 
peat,  and  five  distinct  horizons  of  trees  are  noticed. 

In  the  valley  gravels,  which  are  known  to  be  newer  than  the 
Chalky  Boulder-clay,  palaaolithic  implements  are  found ;  and  in  the 
newer  fen  strata  many  neolithic  implements  are  met  with. 

The  author  discusses  the  break  between  them,  and  maintains  that 
the  palsBolithio  deposits  belong  to  an  interglacial  period. 

We  need  not  follow  him  through  his  history  of  the  Fenland  in 
Boman,  Early  English,  and  subsequent  times,    ^e  has  gone  over 
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all  the  old  records  of  the  district  and  epitomized  them ;  a  study 
which  is  most  important  for  the  proper  understanding  of  the  present 
state  of  the  Fenland.  Notices  of  the  chief  drainage  works,  descriptions 
of  the  physical  features,  and  accounts  of  floods  and  storms  are  given. 
The  questions  of  evaporation  and  drainage  are  discussed  in  some 
detail,  and  the  author  draws  attention  to  and  describes  an  instru- 
ment designed  by  Mr.  S.  H.  Miller,  F.R.A.S.,  and  himself,  called 
the  Evaporimeter ;  the  object  of  which  is  to  ascertain  the  effects  of 
different  soils  upon  evaporation. 

Full  accounts  of  other  meteorological  matters,  such  as  rainfall, 
winds,  etc.,  are  given.  These  and  other  details  render  the  work  as 
much  a  manual  of  the  ArchsBology  and  Physical  Geography  of  the 
Fenland,  as  of  its  Geology. 

One  chapter  of  especial  interest  to  geologists  is  that  on  the  Boulder- 
clay.  This  deposit  skirts  the  Fenland,  and  in  Mr.  Skertchly's  opinion 
underlies  most  of  that  area,  and  is  in  some  places  surprisingly  thick. 
Thus  the  well  sunk  in  1828,  at  Boston,  pierced  beds  to  a  depth 
of  572  feet,  the  whole  of  which  he  states  to  be  Quaternaiy ;  and  of 
these  the  Boulder-clay  is  estimated  to  have  a  thickness  of  460  feet. 
Tlie  shells  which  are  mentioned  at  various  depths  belong  to  the 
genera  Oryphoea  and  Ammonites,  specimens  of  which  have  been 
preserved.    These,  he  states,  are  all  glaciated. 

This  is  the  Chalky  Boulder-clay,  and  Mr.  Skertchly  argues  that  it 
is  of  terrestrial  origin.  He  points  out,  in  support  of  this  view,  that 
its  included  materials  vary  according  to  the  nature  of  the  deposit  over 
which  it  is  spread.  At  the  same  time  Chalk  is  almost  invariably 
present.  If  it  were  iceberg  drift,  the  component  materials  must  be 
those  of  the  distant  gathering  grounds,  and  not  those  of  the  rocks 
they  fall  upon  as  the  berg  melts  away.  Moreover,  for  icebergs  to 
carry  the  ddbris,  we  must  admit  a  submergence  of  at  least  500  feet, 
and  granting  this,  then  very  little  Chalk  would  be  left  above  water, 
and  no  traces  at  all  of  the  Oxford  and  Kimmeridge  Clays,  the  wrecks 
of  which  are  locally  abundant  in  the  Boulder-day. 

There  is  an  account  of  tlie  great  boulder  of  Cretaceous  rocks  at 
Eoslyn  Hole,  Ely,  which  formerly  led  tx>  much  discussion  in  the 
pages  of  this  Magazine,  and  Mr.  Skertchly  states  that  he  has  seen 
Boulder-clay  underlying  these  transported  beds. 

A  classification  of  all  the  beds  in  the  Fenland,  with  remarks  on  the 
physical  conditions  which  attended  their  deposit,  is  given,  and  the 
author  points  out  that  he  independently  came  to  similar  conclusions 
concerning  the  Glacial  and  Post-Glacial  events,  to  those  arrived  at 
by  Dr.  James  Geikie,  and  published  in  "  The  Great  Ice  Age."  He 
briefly  adverts  to  his  discovery  of  palaeolithic  implements  in  inter- 
glacial  brick-earth  beneath  the  chalky  Boulder-clay  near  Brandon,  a 
further  account  of  which  is  promised  in  a  Memoir  on  the  Gunflint 
Factory.  Until  all  the  details  of  such  an  interesting  discovery  are 
made  known,  we  must  be  content  to  suspend  our  judgment.  Never- 
theless, however  startling  it  may  seem,  and  however  much  opposed 
to  our  early  teachings  and  convictions,  so  much  new  light  has  been 
thrown  on  the  physical  and  palaaontological  history  of  the  Glacial 
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Epoch  by  the  writings  of  Dr.  James  Geikie  and  Dr.  Croll,  that  our 
faith  in  the  entirely  Post-Glacial  age  of  man  requires  considerable 
modification,  and  we  are  forced  to  admit  that  he  dwelt  in  this 
country  at  any  rate  before  some  of  the  great  epochs  of  cold  which 
glaciated  our  northern  counties. 

Enough  has  been  said  to  indicate  that  this  volume  treating  of  the 
Geology  of  the  Fenland  contains  matter  of  more  than  local  interest 
It  is  well  illustrated,  and  we  can  only  regret  that  its  price  (forty 
shillings)  must  have  a  very  disadvantageous  influence  upon  its 
distribution. 

[P.S. — Since  writing  the  notice  of  Mr.  Skertchly's  book  on  the 
Fenland,  I  have  had  the  opportunity  of  again  visiting  Brandon  under 
his  guidance,  and  have  seen  evidence  which  completely  satisfies  me 
that  some  of  the  beds  yielding  palsBolithic  implements  are  older  than 
the  Chalky  Boulder-clay.  I  hope  Mr.  Skertchly  will  soon  make 
public  all  the  evidence  upon  which  his  interesting  and  most  im- 
portant discovery  is  founded. — H.B.W.] 


Geolooioal  Society  of  London. — I. — March  20,  1878. — Henry 
Clifton  Sorby,  Esq.,  F.R.S.,  President,  in  the  Chair. 
The  following  communications  were  read  : — 

1.  "On  the  Chronological  Value  of  the  Triassio  Strata  of  the 
South-western  Counties."     By  W.  A.  E.  Ussher,  Esq.,  F.G.S. 

The  author  maintained  that  the  general  thinning-out  of  the  Trias 
in  the  South-Devon  and  West-Somerset  area  as  it  is  traced  north- 
ward, of  which  he  adduced  evidence,  proves  that  this  area  was  not 
connected  with  that  of  Gloucestershire  and  the  midland  counties 
until  the  later  stages  of  the  Eeuper ;  and  endeavoured  to  show  by  a 
comparison  of  sections  that  the  area  east  of  Taunton  and  south  of 
the  Mendips  was  not  submerged  before  the  deposition  of  the  Lower 
Eeuper  Sandstone,  and  probably  not  until  the  later  stages  of  its 
formation,  the  Quantocks  acting  as  a  barrier  dividing  the  Bridge- 
water  area  from  the  Watchet  valley.  He  thought  that  a  subsidence 
progressing  from  south  to  north  led  to  earlier  deposition  in  South 
Devon,  and  to  a  consequent  attenuation  of  the  lower  beds  towards 
Watchet  and  Porlock.  Hence  the  lowermost  beds  of  the  Trias  of 
the  south  coeist  are  much  thicker  than  their  more  northerly  equi- 
valents, and  probably  were  still  thicker  where  the  English  Channel 
now  flows,  some  beds  perhaps  dating  as  far  back  as  Permian  times. 
The  presence  of  numerous  fragments  of  igneous  rocks  (quartz- 
porphyries)  in  the  basement-beds  of  the  South  Devon  Trias,  and 
the  absence  of  known  corresponding  rocks  in  the  county,  led  the 
author  to  infer  that  the  clifi&  and  beds  of  the  early  Triassio  sea  were 
composed  of  such  rocks,  any  undestroyed  portions  of  which  would 
probably  occur  either  under  the  Triassio  beds  near  Dartmoor  and 
between  Newton  and  Seaton,  or  in  the  area  now  occupied  by  the 
English  Channel.     As  continuity  is  evident  only  in  th^  wy^^i^ 
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division  of  the  Trias,  between  the  area  of  Devon  and  Somerset  and 
that  of  the  midland  counties,  and  there  is  no  imoonformitj  in  the 
former,  the  author  maintained  that  the  upper  marls,  upper  sand- 
stones, and  probably  the  conglomerate  and  pebble-bed  subdivision 
of  Devon  and  Somerset,  are  equivalent  in  time  to  the  Eeuper  series 
of  tlie  Midland  counties,  and  that  deposition  took  place  in  Devon 
and  Somerset  between  Eeuper  and  Bunter  times,  bridging  over  the 
hiatus  marked  by  unconformity  in  the  Midland  counties. 

2.  ''Note  on  an  Ob  artidUare,  presimiably  that  of  Iguanodon 
ManteUi.''    By  J.  W.  Hulke,  Esq.,  F.R.S.,  F.G.S. 

In  this  paper  the  author  described  what  he  believed  to  be  the  Os 
articfdare  of  Iguanodon  Mantellt,  from  the  best  specimen  of  a  series 
of  five  collected  by  the  Rev.  W.  Fox,  of  Brixton,  in  the  Isle  of 
Wight  He  remarked  that  the  mandible  represented  by  this  bone 
differs  greatly  from  that  of  the  Crocodilia,  and,  in  a  less  degree,  from 
that  of  extant  Lizards,  while  in  some  respects  it  resembles  that  of 
JSypsilophodon  Foxit,  From  this  resemblance  and  the  relative 
abundance  of  the  bone  in  the  same  beds  which  have  yielded 
mandibular  rami  of  Iguanodon,  he  felt  justified  in  referring  the  bone 
^to  the  latter  Saurian. 

3.  "  Description  of  a  new  Fish  from  the  Lower  Chalk  of  Dover." 
By  E.  Tulley  Newton,  Esq.,  F.G.S. 

The  author  referred  to  his  previous  descriptions  of  fishes  from 
British  Cretaceous  rocks  belonging  to  Prof.  Cope's  genera  Poriheus 
and  Ichthyodectes,  and  stated  that  he  had  since  obtained  a  form 
referable  to  the  allied  genus  DapUnus.  The  specimen  is  in  the 
collection  of  the  British  Museum,  and  was  procured  from  the  Grey 
Chalk  of  Dover  by  Mr.  Gardner.  It  consists  of  the  head  and  some 
vertebra),  the  characters  of  which  are  described  in  detail  by  the 
author,  who  stated  that  in  some  characters,  especially  the  degree  of 
flattening  of  the  teeth,  the  fish  seems  to  stand  between  Ichthyodectes 
and  DapttnuSy  and  hence  proposed  to  name  it  Daptinus  intermedius. 
The  author  further  noticed  the  existence  in  the  Brilish  Museum  of 
a  right  maxillary  bone  from  the  Lower  Chalk  of  Dover,  which  he 
thinks  may  indicate  a  second  species  of  the  same  genus. 

4r.  "  Further  Remarks  on  adherent  Carboniferous  Productidce." 
By  R.  Etheridge,  jun.,  Esq.,  F.G.S. 

The  author  stated  that  since  his  former  paper  on  this  subject 
(Q.J.G.S.  vol.  xxxii.  p.  464),  his  Productus  compledens  had  been 
found  in  various  localities,  as  in  Northumberland,  in  Fifeshire,  and 
near  Dairy,  in  Ayrshire.  The  last  mentioned  may  be  a  distinct 
species.  He  further  described  two  specimens  of  adherent  Produc- 
tidae,  one  from  Scremerston  quarry,  Northumberland  (near  Berwick), 
and  one  from  Kinghom,  in  Fifeshire,  the  characters  presented  by 
which  led  him  to  refer  them  to  the  genus  Chonetea. 

6.  "The  Submarine  Forest  at  the  Alt  Mouth."  By  T.  Mellard 
Reade,  Esq.,  F.G.S. 

The  ri^ht  of  the  remains  of  trees  on  the  shore  at  Great  Crosby, 
in  Lancashire,  to  be  regarded  as  representing  a  submerged  forest 
having  been  called  in  question,  the  author  desired  to  place  on  record 
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the  results  of  an  investigation  which,  he  thought,  would  dispose  of 
all  doubts  on  the  subject.  On  cutting  a  trench  through  1  foot 
of  peat  and  1 4  inches  of  clay  round  one  of  the  stumps,  which  had 
an  oak  trunk  lying  by  it,  apparently  in  the  position  in  which  it  had 
fallen,  the  observers  saw  that  roots  were  cut  through  all  round, 
running  along  near  the  surface  of  the  clay,  or  penetrating  it  diagon- 
ally ;  while  rootlets  and  tap  roots  descended  vertically  into  the  clay. 
Several  of  the  main  roots  were  traced  for  a  considerable  distance 
into  the  clay.  On  raising  the  stump  out  of  the  ground,  the  clay 
showed  numerous  root-sections.  The  examination  of  the  stumps 
gave  confirmatory  results. 

II.— April  3,  1878.— Henry  Clifton  Sorby,  Esq.,  F.R.S.,  Presi- 
dent, in  the  Chair. — The  following  communications  were  read : — 

1.  ''  On  an  Unconformable  Break  at  the  base  of  the  Cambrian 
Books  near  Llanberis.*'     By  George  Maw,  Esq.,  F.L.S.,  F.G.S. 

In  a  paper  read  before  the  Society  on  December  5,  1877  (Q.J.Q.S. 
vol.  xxxiv.  p.  137),  Prof.  Hughes  referred  to  an  observation  made 
by  the  author  in  1867  as'  to  the  occurrence  near  Llanberis  of  an 
unconformable  break,  indicating  the  base  of  the  Cambrian ;  and, 
while  accepting  the  asserted  existence  of  pre-Cambrian  rocks  in 
North  Wales,  placed  the  base  of  the  Cambrian  in  a  very  different 
position,  and  maintained  that  the  appearances  described  by  Mr. 
Maw  might  be  accounted  for  by  lateral  pressure  acting  upon  beds  of 
dissimilar  texture  (^nd  unequal  hardness.  The  author  had  re-ex- 
amined the  section  in  question,  and  maintained  his  original  interpre- 
tation of  the  phenomena,  which  he  regarded  as  the  earliest  indication 
of  the  existence  of  a  pre-Cambrian  series.  He  accounted  for  differ- 
ences observed  in  the  supposed  pre-Cambrian  rooks  at  Moel  Tryfaen 
and  Llanberis  by  regarding  them  as  having  undergone  different 
degrees  of  metamorphism. 

2.  **  On  the  so-called  Greenstones  of  Central  and  Eastern  Corn- 
wall."    By  J.  Arthur  Phillips,  Esq.,  F.G.S. 

In  this  paper  the  author  extended  his  investigations  of  the  rocks 
formerly  mapped  as  greenstones,  from  the  western  (see  Q.  J.  G.  S. 
voL  xxxii.  p.  155)  into  the  central  and  eastern  districts  of  Cornwall. 
He  described  in  detail  various  rocks  from  different  parts  of  these 
districts,  the  examination  of  which  had  led  him  to  the  following 
conclusions.  The  numerous  lavas  which  occur  here,  in  addition  to 
the  rooks  met  with  in  Western  Cornwall,  are  so  interbedded  with 
the  slates  and  schists  as  to  lead  to  the  conviction  that  they  are  con- 
temporaneous, and,  although  much  altered,  they  closely  resemble 
lavas  of  more  modern  date.  Sometimes  they  assume  a  distinctly 
schistose  character.  The  crystalline  greenstones  are  more  varied 
and  instructive  than  those  of  the  western  portion  of  the  county ; 
some  of  them  are  typical  dolerites,  while  others  are  so  altered  as  to 
consist  only  of  a  granular  indefinite  base,  traversed  by  indistinct 
microlitic  bodies.  Their  pyroxenic  constituent  is  augite;  and, 
although  many  would  call  them  diabases  or  melaphyres,  the  author 
regards  it  as  more  logical  to  regard  them  as  ancient  dolerites. 
Where  these  rocks  are  altered,  the  augite  is  usually  chaa^<^  mV:^ 
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hornblende  and  yiridite,  while  \he   felspar   becomes  cloudy,  and 
finally  merges  into  a  granalar  base.     The  crystals  of  augite  are 
often  gradually  replaced  by  an  assemblage  of  felted  microlites ;  in 
other  cases  their  outlines  are  preserved,  whilst  their  substance  is 
replaced  by  hornblende,  the  rock  being  thus  converted  into  a  uralite 
dolerite  or  uralite  diabase.      When  these  rocks  do  not  contain  augite, 
and  are  to  a  great  extent  composed  of  long  bacillary  homblendic 
crystals  made  up  of  parallel  belonites,  the  ends  of  which  are  fre- 
quently curved  outwards,  it  is  probable  that  hornblende  was  an 
original  constituent  of  the  rock,  which  is  therefore  a  true  diorite. 
Slaty  or  schistose  greenstones  are  less  frequent  than  in  the  western 
districts,  but  on  St.  Cleer  Down  the  **  hornblende-slates  *'  graduate 
imperceptibly  from  crystalline  dolerites  into  clay  slate;  these  are 
not  improbably  of  igneous  origin.     Some  of  the  slaty  blue  elvans 
are  identical  in  chemical  composition  with  the  dolerites,  and  may  be 
highly  metamorphosed  ash-beds,  although,  from  some  of  their  cha- 
racters, it  seems  more  probable  that  they  are  true  igneous  rocks. 
The  felspar  in  the  breociated  slates  is  almost  entirely  plagioclase. 
and  is  derived  from  the  disintegration  of  greenstones.     With  regard 
to  the  age  of  the  rocks  described,  the  author  states  that  they  are 
generally  older  than  the  granite ;  for  the  vesicular  lavas  and  many 
slaty  homblendic  bands  are  evidently  contemporaneous  with  the 
slates  among  which  they  are  bedded,  while  the  latter  are  often  dis- 
placed by  ^e  granite  or  traversed  by  granitic  veins ;  and,  further, 
the  eruptive  doleritic  rocks  which  break  through  the  sedimentary 
beds  never  traverse  the  granite,  but  are  often  interrupted  by  it 

8.  "The  Recession  of  the  Falls  of  St.  Anthony."  By  N.  H. 
Winchell,  Esq.     Communicated  by  J.  Geikie,  Esq.,  F.R.S.,  F.G.S. 

The  author's  purpose  in  this  paper  was  to  arrive  at  an  estimate  of 
the  date  of  the  last  glacial  period  from  the  rate  of  recession  of  the 
Falls  of  St  Anthony,  near  the  junction  of  the  Minnesota  and  Mis- 
sissippi rivers.  He  stated  that  the  country  is  covered  with  deposits 
of  glacial  origin,  that  between  the  present  falls  and  Fort  Snel- 
ling,  a  distance  of  eight  miles,  the  existing  river-gorge  has  been 
formed  since  the  deposition  of  the  newer  Boulder-clay,  and  that  the 
old  river- valley  is  filled  up  with  glacial  deposits.  The  gorge  is  of 
very  uniform  character,  being  cut  through  hard  limestones  resting 
on  soft  sand  rock,  both  lying  quite  horizontally.  The  country  was 
settled  in  1856,  and  the  recession  of  the  falls  has  since  been  very 
rapid,  its  rate  having  been  accelerated  by  the  erection  of  saw-mills, 
dams,  etc.  From  the  accounts  of  vaiious  travellers  who  have  visited 
the  foil  Is  in  the  last  200  years,  the  author  endeavoured  to  obtain  an 
estimate  of  the  true  rate  of  recession.  Between  the  visit  of  Father 
Hennepin  in  1688  and  that  of  Carver  in  1766  he  finds  a  recession  at 
the  rate  of  3-49  feet  annually ;  between  Carver's  visit  and  1866  a 
mean  annual  recession  of  6*73  feet ;  and  between  Hennepin  and 
1856  one  of  5*15  feet    The  time-estimates  for  the  cutting  of  the 

rrge  would  be,  according  to  the  above  means,  12,  103,  6,  276  and 
,  202  years.  The  author  considers  the  data  upon  which  the  second 
'  tiiese  namhera  is  founded  the  most  reliable. 
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ON  TERMINAL  CURVATURE  IN  THE   SOUTH-WESTERN  COUNTIES. 

Sm, — Notwithstanding  its  ten  years'  rest,  this  suhjeot  seems  to 
retain  its  marrow  eis  a  bono  of  contention,  judging  from  Mr.  Mackin- 
tosh's letter  in  your  last  Number.  Mr.  Mackintosh  seems  to  have 
mistaken  the  object  of  my  paper,  as  I  had  of  his ;  for  had  I  known 
that  ''  none "  of  the  solutions  proposed  by  him  were  ''  confidently 
advocated,"  by  making  the  real  object  of  my  paper  more  prominent, 
and  dwelling  less  upon  his  hypotheses,  I  might  have  appeared  less 
controversial.  The  principal  object  of  my  paper  was  to  deprecate 
the  invocation  of  glacial  action  in  explanation  of  phenomena  other- 
wise more  reasonably  explainable,  and  especially  so  in  districts 
where  all  direct  proof  of  glaciation  is  wanting. 

The  keynote  of  my  objection  to  all  Mr.  Mackintosh's  explanations 
is  struck  in  his  declared  scepticism  in  a  ''  great  surface  waste  and 
contour  moulding "  of  the  South-western  Counties  during  Pleisto- 
cene times.  How  any  geologist  can  calmly  contemplate  the  distant 
table-land  of  the  Blackdowns  from  its  insulated  remnant  Haldon, 
and  gazing  across  the  broad  valley  of  the  Exe,  excavated  entirely 
since  the  accumulation  of  the  clay  with  flints,  deny  the  vast  contour 
moulding  and  surface  waste  of  Pleistocene  ages,  it  is  difficult  to  con- 
ceive. I  can  only  regard  the  hypotheses  alluded  to  by  Mr.  Mackintosh 
as  untenable  as  regards  the  "  Head  "  of  Devon  and  Cornwall,  having 
a  very  wide  acquaintance  of  the  facts,  and  feel  that  I  must  hide  my 
diminished  **  Head"  under  some  more  congenial  oovering  than  an 
Arctic  Sea  or  ''  immense  ice-water  lake."  My  idea  of  a  greater 
elevation  of  land,  accompanied  by  a  more  rigid  expression  of  the 
present  causes  of  subaerial  waste,  not  only  suffices  to  explain  the 
formation  of  ''  Head  "  proper  {i.e.  the  angular  accumulation  of  stony 
loam  intermediate  in  time  between  the  elevation  of  the  beaches 
and  the  submergence  of  the  forests),  but  also  fits  into  a  necessary 
sequence  of  physical  changes. 

I  do  not  believe  in  uniformity  of  direction  of  curved-back  laminae, 
such  directions  being  dependent  on  dip  and  strike  of  cleavage  planes. 
The  effect  of  roots  in  wedging  off  laminas  is  very  local,  seldom 
causing  reversals  extending  more  than  a  few  feet  from  them.  I 
must,  in  conclusion,  apologize  to  Mr.  Mackintosh  for  having  mis- 
understood him  about  the  direction  of  the  cleavage  planes  on  the 
northern  slopes  of  Brendon  Hill;  my  objection  to  ice-passage  on 
the  ground  of  the  absence  of  termincd  curvature,  consistently  with 
his  theory,  on  the  north  slope,  was  based  on  the  assumption  that  the 
laminse  inclined  in  a  southerly  direction  at  a  high  angle,  but  not 
approximating  to  the  vertical.  Any  apparent  controversial  spleen 
in  the  foregoing  remarks  must  be  attributed  to  that  pardonable 
partiality  for  their  own  specialities  generally  exhibited  by  local 
geologists,  and  to  no  unfriendly  spirit  as  regards  Mr.  Mackintosh. 

W.  A.  E.  XJSSHEB. 
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TERMINAL   CURVATUBE    IN   WEST    SOMERSET. 

Sib, — The  aooompanying  short  extract  from  Sir  H.  de  la  Beche's 
"  Geological  Observer,"  p.  23,  2nd  edit  1853,  contains  remarks  so 
apposite  on  this  subject,  that  I  trust  Mr.  Mackintosh  will  allow  me 
to  call  his  attention  to  them,  if  he  should  happen  not  already  to  be 
familiar  with  them. 

''  The  rain-waters  not  absorbed  by  the  rocks,  act  mechanically  on 
the  surface  of  the  land,  removing  to  lower  levels  such  decomposed 
portions  of  the  rocks  as  their  volume  and  velocity  can  transport 
The  mixed  effects  uf  decomposition  from  atmospheric  causes,  and  of 
soaking  of  the  surface  on  hill-sides,  are  often  well  shown  in  slate 
ooontries,  a  certain  depth  beneath  the  soil  exhibiting  the  turning 
over  of  the  edges  of  the  slates  to?rards  the  valleys ; — as  it  were  the 
tendency  of  the  moistened  matter  of  the  surface  to  slide  by  its 
gravity  to  the  lower  gpronnd. 

"The  aooompanying  figure"  (showing  highly  inclined  strata  with 
the  upper  portion  beneath  the  soil  bent  over  into  a  curvature  'against 
their  nap') ''  will  illustrate  this  fact,  one  of  much  importance  to  the 
observer,  for  without  attention  to  it  he  might  commit  grave  errors 
as  to  the  true  dip  of  the  strata,  when  only  a  slight  depth  of  section 
may  be  exposed  on  the  hill-side.  In  the  above  figure  the  real  dip 
of  beds  is  represented  as  the  very  reverse  of  that  which  might  be 
inferred  from  a  hasty  glanoe  at  the  surface.  Although  it  may  be 
supposed  that  the  difference  between  this  sliding  down  of  the  surface 
towards  the  lower  grounds  and  the  true  dip  was  always  so  apparent 
as  not  to  be  mistaken,  the  depth  to  which  this  action  has  occasion- 
ally extended  is  sufficient  to  justify  great  caution  in  many  districts." 

It  is  to  be  remembered  that  ground  that  is  now  level  may,  at  the 
time  when  this  curvature  was  produced,  have  been  inclined  towards 
then-existing  valleys.  .     H.  E.  H. 

THE  GORRAN  BEDS  AND  BUDLEIGH  SALTERTON  PEBBLES. 

Sis, — I  observe  that  in  ihe  discussion,  on  the  20th  March,  1878, 
on  Mr.  Ussher*s  paper  on  **  The  Chronological  Value  of  the  Triassic 
Strata  of  the  South-western  Counties,"  as  reported  in  the  '*  Abistract 
of  the  Proceedings  of  the  Geological  Society  of  London,  No.  360," 
''Mr.  Etheridge  said  that  he  had  been  able  to  asc^iain  from 
specimens  in  the  Penzance  Museum  that  the  Budleigh  Salterton 
Pebbles  came  from  Gorran  [printed  incorrectly  Gowan]  on  the 
southern  coast  of  Cornwall,''  and  that  '<Mr.  Whitaker  stated  that 
he  had  himself,  on  lithological  grounds,  suggested  the  Gorran 
Haven  region  as  a  source  for  the  Budleigh  Salterton  pebbles." 

These  statements  interest  me  a  good  deal,  since  they  are  con- 
firmatory of  those  contained  in  the  following  quotation  from  a  paper 
which  I  had  the  pleasure  of  reading  to  the  Plymouth  Institution  as 
long  ago  as  30th  March  1865 : — ''  Having  learned  that  Mr.  Peach 
had  lodged  in  the  Penzance  and  Truro  Museums  such  of  the  fossils 
[from  near  Gorran]  as  he  had  collected,  Mr.  Vicary,  Dr.  Scott,  and 
I  went  into  Cornwall  early  in  July  last  (186i),  for  the  purpose  of 
examining  them  and  the  rocks  in  which  they  were  found.     The 
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fossils  are  in  many  oases  so  fragmentary  or  indistinct  that  identifioa- 
tion  is  by  no  means  easy ;  nevertheless,  we  succeeded  in  detecting 
among  them  several  specimens  of  one  of  the  Budleigh  Salterton 
species  of  Brachiopoda,  Having  been  furnished  by  Mr.  Peach  with 
all  needful  information,  we  were  so  fortunate  as  to  secure  the 
assistance  of  one  of  his  old  collectors,  who  conducted  us  to  the 
fossiliferous  beds  of  the  Great  Cairn  and  Great  Peraver,  near  Gorran 
Haven.  In  the  Peraver,  we  succeeded  in  finding  fossils  having  the 
same  general  facies  as  those  of  the  "  pebble-bed,'*  and  inhumed  in 
quartzites  identical  in  structure  and  even  in  hue  with  the  pebbles  of 
South-eastern  Devonshire.*'  (See  Transactions  Plymouth  Institu- 
tion, 1864-5,  vol.  i.  pp.  22-3.) 

ToBQUAT.  4M  April,  1878.  Wm.  PknGKLLT. 


ON  THE  ORIGIN  OF  A  QIJARTZITE  BOULDER  FROM  THE  BUNTER 

CONGLOMERATE,  NOTTINGHAM. 

Sib, — A  short  time  ago  it  was  my  good  fortune  to  find,  in  a 
heap  of  road-metal,  near  Nottingham,  a  liver-coloured  quartzite 
boulder,  no  doubt  derived  from  the  Bunter  Conglomerate  of  the 
district,  which  exhibits  on  its  fractured  surface  a  well-defined  con- 
cave cast  of  Orthis  redttx — a  Caradoo  fossil  that  is,  I  understand, 
by  far  the  most  frequent  species  in  the  quartzite  pebbles  of  the 
Triassic  shingle  beds  of  Budleigh  Salterton,  Devon,  and  of  similar 
deposits  in  the  North  of  France. 

In  recording  the  occurrence  of  the  above  fossil  in  this  locality, 
I  am  content  to  leave  the  question  whence  this  and  similar  pebbles 
in  our  Bunter  Conglomerate  were  derived  for  the  consideration  of 
those  who  are  more  competent  than  myself  to  offer  an  opinion  on 
the  subject 

NoTTiKOHAM,  March  ISM,  1878.  J.  H.  JenMINGS. 


OBITTJ-A-JE^TT. 


•      JOHN  ROFE,  C.E.,  F.G.S.,  ETC. 

Born,   14  Octobbb,   1801.     Dibd,   11   April,    1S78. 

We  regret  to  record  the  loss  by  death  of  an  excellent  geologist, 
a  much  valued  friend,  and  a  frequent  contributor  to  this  Journal. 

Mr.  Bofe  was  bom  in  London,  Oct  14,  1801,  and  was  educated  at 
Enfield,  by  the  late  Mr.  Cowden  Clarke,  and  afterwards  at  Beading 
with  the  Bev.  Dr.  Williams* 

He  studied  engineering  under  his  father  Mr.  John  Bofe,  C.E. ; 
and  afterwards,  in  partnership  with  him,  carried  out  many  im- 
portant  public  works,  notably  the  Birmingham  Oas,  and  Water- 
Works;  the  Beading  Gas- Works;  Oas  and  Water  Engineering 
Works  were  also  carried  out  by  Mr.  Bofe  for  the  towns  of  Leicester, 
Guildford,  and  Boston.  On  several  occasions  he  gave  valuable 
evidence  in  Committee  before  the  House  of  Commons,  with  reference 
to  public  Towns  Water  Works  and  Gas  Companies  Bills,  in  which 
his  sound  geological  knowledge  proved  of  great  service  to  him. 

On  the  26th  June,  1827,  he  married  the  daughter  of  the  Rev. 
Bartholomew  Che,  Vicar  of  Boston,  LinoolnB^iViQ,  «XkdL  ^\M)l<^  m 
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Pr-?*ton  as  Engineer  to  the  Gas  Works,  a  post  which  he  held  for 
rsTrntv-five  vears. 

WLile  resident  in   Preston  he  took  a  very  active   part    in  the 

L::rnry  ami  Philosophical  Society  of  that  town,  and  in  December, 

I?4".  2  service  of  plate  was  presented  to  Mr.  Rofe  by  the  members 

■  :=.  loknowledgment  of  the  zeal  and  ability  with  which  he  had  j)rn- 

ziL'.r-l  the  establishment,  progress,  and  success  of  that  Institution." 

H-  hul  only  one  son  and  daughter;  the  latter  married  Dr.  Fearn- 
<;  :■?  oi  Proston ;  the  former  (the  Rev.  John  Rofe),  a  young  man  i)f 
Li^L  premise,  after  graduating  at  Cambndge,  1850,  received  in  1859 
:rr=i  tl.e  Master  of  his  College  (St  John's),  the  oifor  of  an  Indian 
CLi:  Iiincy.  which  he  accepted.  He  officiat^jd  as  Chaplain  to  Lord 
Ci-ninjT « then  Governor  General  of  India)  during  a  tour  in  the  Nortli- 
W^s:  Provinces:  and  finally  as  Chaplain  to  Dr.  Cotton,  Bishop  «»f 
Oil :■.:::»— with  whom,  whilst  on  a  visitation  tour,  he  died  in  liiGl, 
i:  :i.v  early  age  of  34  yeai^. 

Tl::s  severe  family  bereavement  had  no  doubt  a  most  depressing 
iz£'.i:r.oe  on  so  amiable  a  man  as  Mr.  Rofe,  and  caused  him  to  h:pontl 
z: -cii  of  his  time  in  the  retirement  of  his  library  or  engrossed  in 
:lv*  study  of  his  tine  private  collection  of  Crinoidea  from  the  Carbo- 
n::Vn."us  Limestone  of  Cliiheroe.  Having  resigned  his  official  duties 
a:  Pr^'ston  frvnn  ill-liealth.  he  devoted  himself  to  a  careful  study  of 
:rw  iTirernal  anatomy  of  the  fossil  Echinodermata,  and  his  valuable 
rvs^arvhes  will  In?  found  embodied  in  a  series  of  papers  printed  in 
:hi>  Mu;a?im:.  a  list  v^f  which  is  subjoined. 

IVr  *.Muo  years  he  resided  at  15.  Abbey  Place,  St.  John's  Wood  ; 
bu:  At^Twarvls  removed  to  Lancaster,  where  ho  was  elected  Prosi- 
i^:'!*:  of  the  Lunosdalo  Naturalists'  Field-club ;  his  health,  however, 
oiol  v.or  lo'/.i:  ivnuit  him  to  retain  the  office.  For  the  last  few  years 
a<?  b-is  r^'sided  at  Leamington,  but  of  late  he  has  been  prevented  by 
Sfc-'//.'-;;  ovo''ij;h:  t'lvm  carrying  on  his  favourite  microscopic  re- 
searvhos.  l:i  Febri:.irv  bust  he  presented  his  rich  collection  of  Criii- 
ci.'oa  .Vw'.d  ot:uT  fossils  iKmu  the  Carboniferous  Limestone  (number- 
fj^  i!vwa:\ls  of  I. '00  sjvoimens^  to  the  National  Museum. 

Hs'\:-.iV.  a:  l.-s  n^si-.lorivv.  IK  Church  Hill,  Leamington,  on  the  11th 
i4\  ot'  Avvil.  at  the  ai^^  of  77  years. 

ri.o  lol'.owii'.c  ar<»  the  titles  of  Mr.  Rofe's  scientific  papers: — 

;     ■  ^**>-.-\  t'".-.>  »".*.  :V.o  tM\''.»cuil  Struoturo  of  the  Xeiirhbourhood  of  Reailin-r  " 

/.%../;   r,V    -■•.   ;>;'r.    fraiiH,   UtoK  i?oc.  2n(i  series,  vol.  v.    1840,   p.  127. 

i>\v  *v»*   V.  j».  T-. 
I    '•  kV.*v: ■•.•i'.ov.  »'i  H  N«w  SjHvio>  ot  ArtiHi'Crinut  from  thp  Mount'iin-Limestone  oi 

1 .4'u .;'v:i;v  ■  .^Jth  i*  «itHU*mji\  Geol.  Ma«.  1S6o,  Vol.  II.  p.  12. 
V    ■  N.'U » »•:;  v".u»'  K»h;iu\lti:u:ita  ironi the  Mountain- Limestone,"  etc.  (with  a  l»latc), 

v;*oi    M  *-    l?^'*v  Vi»l.  U.  p.  24r». 
I,  -  Nou''  .'SI  i\^*l  :iua  iVmml."  Ukoi..  Mao.  1866.  Vol.  III.  p.  208. 
».  ■■  N,'U' »'«  \\w  i.»h'  i\»lluT>  K\p'iO*ions."  liEOL.  Mag.  1867,  Vol.  IV.  p.  106. 
^  ■   \.-.»    *»u   tlu"   i\»UM'    .I'lul    .Nature  of    tlie  Enlarjrement    of    some  CrinoitLil 

v\«'.e.M'.u»  *  ^w;;';  *»  %»*^^l^ul''\  UwL.  Macs.  1S69,  Vol.  VI.  p.  351. 
•  Oi  *'^''^»*  ''V.v;n*''aI  I  sthvHlomous  Perforations  in  Limestone  Rock "  (with   a 

t.';^\  <;»vr*M  w.  i>:i>.  Vol.  VII.  p.  4. 
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I.  —Physiography. 

By  C.  Lloyd  Moboan,  F.6.S.,  A.R.S.M. 

THE  artist  who  is  illustrating  a  great  theme  npon  a  large 
spread  of  oanvas  finds  it  neoessary  from  time  to  time  to  lay 
down  the  hrash,  with  which  he  is  accnrately  filling  in  the  more 
delicate  minutise,  that  he  may  retreat  to  a  distance  and  view  his  picture 
as  a  whole.  It  is  essenticd  to  the  higher  development  of  his  art 
that  he  should  not  omit  this  comprehensive  survey.  The  same 
thing  holds  good  in  Literature  and  Science,  as  well  as  in  Art  The 
historian  must,  from  time  to  time,  take  a  fresh  survey  of  History  as 
a  whole.  If  he  neglect  to  do  so,  the  group  of  figures  to  which 
he  devotes  his  special  attention  will  certainly  not  take  up  its  true 
position  among  the  other  groups  that  appear  on  the  canvas  of 
History.  The  man  of  science,  also,  should  not  forget  that  he  is, 
according  to  his  individual  hent  or  capacity,  aiding  in  the  con- 
struction of  a  great  Philosophy ;  and  he  should  now  and  again  turn 
aside  from  the  microscope,  or  lay  down  the  hammer,  to  take  a 
more  comprehensive  survey  of  that  Philosophy,  whose  aim  it  is  to 
comprehend  and  consolidate  the  widest  generalizations  of  Science. 

A  rude  attempt  at  such  a  survey  of  the  principles  of  geology  and 
the  bordering  branches  of  science  will  be  found  in  the  following 
pages.  They  are  from  the  notes  of  a  lecture  which  formed  the  last 
of  a  course  delivered  before  a  school  audience.  In  that  lecture  I  did 
my  best  to  give  a  rough  sketch  of  that  chain  of  events  by  the  study 
of  whioh  we  may  build  up  a  history  of  the  Earth,  while  I  en- 
deavoured at  the  same  time  to  lead  my  hearers  upwards  from  the 
simple  to  the  complex :  for  I  hold  that  the  teacher  of  science  should 
lead  his  pupils  from  the  well  known,  through  the  less  known,  to 
the  unknown.  Taking  a  few  simple  and  obvious  facts  as  a  basis, 
he  should  first  test  whether  those  whom  he  teaches  really  know 
them  to  be  facts,  and  then,  carefully  building  upwards,  seeing  that 
each  stone  of  his  superstructure  rests  securely  on  one  which  has 
before  been  firmly  laid  down  in  its  true  place,  he  should  mount 
slowly  and  surely,  until,  at  last,  he  reaches  that  rare  atmosphere  of 
the  unknown  in  which,  for  the  present  at  least,  no  man  may  build. 

Standing  by  the  sea-side,  then,  let  us  inquire  of  Nature  con- 
cerning the  things  which  we  see  around  us.  The  waves  ix)ll  in 
upon  the  shore,   the  wind  blows  freshly  in  our  faces,  ^a  heavy 
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storm-oloud  hangs  over  the  distant  horizon,  at  our  feet  is  a  little 
streamlet  ronning  over  the  sands  to  the  sea;  behind  us  is  the 
white  chalk  diff,  capped  with  sand  and  clay. 

How  come  these  waves,  and  what  are  they  doing?  shall  be 
our  first  question.  The  answer  to  the  first  part  of  the  question  is 
so  obvious  that  a  child  will  not  hesitate  to  reply,  that  it  is  the 
wind  which  produces  the  waves.  At  first  a  mere  cat's  paw  on 
the  surface  of  the  sea,  the  growing  ripples  are,  as  the  wind  continues, 
hurried  onwards,  increasing  both  in  length  and  breadth,  and,  where 
the  water  is  deep,  in  velocity  of  motion,  until  they  become  the  great 
waves,  some  14  feet  high  from  trough  to  crest,  which  we  see  on 
our  coasts  during  a  storm,  and  finally,  if  they  have  a  fair  field, 
develope  into  ocean  billows,  26  feet  high  in  the  Atlantic,  40  feet 
high  in  the  Southern  Ocean.  In  the  open  sea  the  water  is  not 
carried  forward  by  this  wave  motion.  We  may  watch  the  sea-bird 
rise  and  fall  as  the  wave  passes  under  her.  She  is  not  carried 
forward  on  its  summit  But  when  the  wave  reaches  shoal- water,  in 
the  neighbourhood  of  land,  the  lower  part  is  retarded  by  friction 
against  the  bottom,  while  the  upper  part  hurries  on,  and  the  wave 
breaks,  and  rushes  up  the  shore,  the  under  water  racing  back  and 
tearing  up  the  beach  in  its  backward  course.  It  is  in  this  way 
that  the  sea  has  such  power  in  grinding  down  the  rocky  materials 
which  fall  to  the  base  of  our  island  dififs.  Along  the  Chesil  Beach 
the  pebbles  are  carried  forward  fifteen  miles  by  the  action  of  the 
waves,  and  as  they  grind  over  each  other  in  their  westward  course, 
they  become  smaller  and  smaller. 

Here  then  we  obtain  an  answer  to  the  second  part  of  our  question  : 
What  are  the  waves  doing?  They  are  beating  backwards  and 
forwards  the  matter  which  falls  from  the  cliffs,  until  it  is  broken 
up  and  rolled  into  a  rounded  pebbly  beach.  But  they  are  doing 
more  than  this.  They  are  battering  at  the  cliff  itself,  and,  aided  by 
rain,  and  frost,  and  wind,  are  eating  away  our  island  shores.  The 
force  with  which  the  waves  dash  against  the  cliffs  is  at  times 
enormous,  having  been  known  to  reach  a  pressure  of  more  than 
three  tons  on  the  square  foot.  During  the  hurricane  which  swept 
over  Barbadoes  in  1780,  cannon  which  had  long  been  lying  sunk 
were  washed  far  up  on  shore. 

In  some  parts  of  England  the  sea  is  advancing  rapidly  on  the 
land.  Prof.  Huxley,  in  his  excellent  little  book  on  Physiography,* 
quotes,  as  an  instance,  the  fact  that  Eeculver  church,  which  in  the 
time  of  Henry  VIII.  was  a  mile  from  the  sea,  is  now  only  preserved 
from  the  destructive  action  of  the  waves  by  a  stone  breakwater 
made  by  the  Trinity  Board.  Not  long  ago,  I  walked  along  the 
coast  from  Heme  Bay  to  the  Beculvers.  The  rapidity  of  the  waste 
was  clear.  In  many  places  portions  of  the  path  had  been  carried 
away.  Masses  of  grass-covered  earth,  lying  at  the  foot  of  the 
vertical  portion  of  the  cliff,  showed  how  recent  had  been  the  pre- 
cipitation from  above ;  while  the  clean-cut  face  of  the  cliff,  and  the 
sharp  forms  of  the  projecting  ridges  and  pinnacles  of  the  clay, 
*  STo.pp.  384,  with  5  plates  and  122  woodcuts  (Macmillan  &  Co.,  London,  1878). 


C.  Lloyd  Morgan — Physiography.  243 

sliowed  that  Binoe  they  were  left  in  their  present  position,  they 
had  not  suffered  for  long  the  attacks  of  rain  and  wind.  Qreat 
cracks  at  the  surface,  here  and  there,  showed  that  destructive  action 
was  still  in  progress ;  and  when  I  looked  at  the  lately  fallen  blocks 
of  earth  below,  I  felt  that  it  was  possible  that  the  grass  tufts,  on 
which  I  stood,  might  be  the  next  to  fall  amidst  the  ruins  beneath 
me.  But  thoQgh  the  action  of  the  weather  was  thus  dear,  the 
sea-waves,  which  alone  permitted  that  action  to  continue,  were 
not  idle.  The  brown  colour  of  the  sea  for  some  distance  from 
the  shore  gave  evidence  of  this,  and  while  I  stood  upon  the  beach, 
I  saw  several  projecting  blocks  of  clay  wasted  by  more  than  half. 

In  Scotland  and  Western  England,  where  the  rocks  are  hard, 
the  advance  of  the  sea  upon  the  land  is  quite  imperceptible.  All 
the  beauties  of  our  coast  scenery,  our  bold  headlands  and  sweeping 
bays,  result  from  this  unequal  action  of  the  sea  upon  the  harder  and 
softer  rocks  of  which  our  island  is  built  up.  But  little  observation 
is  necessary  to  make  it  clear  that,  along  any  coast-line,  the  pro- 
montories are  composed  of  hard  rock,  the  bays  of  a  softer  material. 
Sea-side  scenery  is,  therefore,  a  joint  product  of  wave  action  and 
the  geological  structure  of  the  coast  We  must  not  forget,  however, 
that  it  is  only  along  its  margin,  where  it  beats  upon  the  shore-line, 
that  the  sea  is  an  agent  of  denudation.  Throughout  its  great  extent 
the  ocean  is  the  area  of  deposit  and  construction,  just  as  the  land 
is  the  area  of  destruction  and  waste.  Beneath  the  sea  the  products 
of  that  waste  come  to  rest.  Strange  as  it  sounds,  the  sea  is  the 
cradle  of  the  land.  Beneath  the  waters  of  the  ocean  are  formed 
those  layers  of  sediment  which  will  some  day  be  raised  above  the 
waters  to  form  the  framework  of  new  continents. 

From  the  answer  to  our  first  question,  then,  we  learn  that  the 
waves  are  advancing  upon  the  land,  and  thus  producing  our  coast 
scenery,  and  that  they  are  caused  by  the  winds. 

Let  us  next  consider  the  streamlet  at  our  feet  What  is  it  doiug, 
and  how  comes  it  here  ?  That  little  streamlet,  if  we  will  but  listen 
io  it,  can  tell  us  much  about  what  the  great  rivers  of  the  earth 
are  doing.  Let  us  learn  from  it  In  the  first  place,  then,  we  see 
that  this  miniature  river ^  is  gradually  changing  its  course.  The 
main  current  strikes  against  one  bank  more  than  the  other.  The 
resalt  is  that  this  bank  is  forced  to  recede.  Its  tiny  cliffs  are 
undermined  by  the  action  of  the  stream,  and  the  upper  portions, 
now  and  again,  topple  over  with  a  little  splash  into  the  water. 
Here  we  have  in  miniature  that  which  may  be  seen  on  an  enormous 
scale  on  the  Mississippi  and  the  Amazons.  Large  vessels  may  there 
be  made  to  rock  by  the  waves  created  by  the  fall  of  great  masses 
of  the  concave  bank,  the  river  having  in  this  way  advanced  upon 
the  land  hundreds  of  yards,  and,  in  some  cases,  even,  several  miles, 
within  the  memory  of  living  men. 

This  shows  how  a  stream  cuts  its  way  tideways  into  the  land. 
This  is  not,  however,  the  most  important  part  of  what  a  river  does. 
If  we  follow  our  stream  a  little  way  inland,  we  shall  discover  that 

'  Miniatare  FhTsical  Geology,  Nature^  March  8, 1871  • 
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it  onts  its  way  dovmwardB  and  cats  its  way  backwards.  Both  modes 
of  action  go  on,  as  a  rule,  at  the  same  time ;  but  sometimes  one, 
sometimes  the  other,  is  most  obvious.  Of  the  first,  the  Canon 
of  the  Colorado  ofifers  an  example  on  the  grandest  scale.  This 
great  ravine  is  about  300  miles  long  and,  in  places,  more  than  a  mile 
deep.  There  can  be  no  doubt  that  it  has  been  entirely  cut  down 
into  the  desert  plateau  by  the  action  of  tlie  river.  How  this  was 
effected  we  learn,  to  some  extent,  from  the  following  sentence  in  the 
American  report  on  the  river,  '*The  water  of  the  Colorado,"  says 
the  reporter,  '*  holds  in  suspension  a  large  amount  of  fine  siliceous 
sand,  sharp  as  emery,  that  eats  away  the  valves "  (connected  with 
the  machinery  of  the  steamer)  ''as  rapidly  as  it  could  be  done 
with  a  file."  It  has  probably  been  with  the  aid  of  this  sand  that 
the  river  has  cut  down  its  deep  trench. 

Of  a  river  catting  its  way  backwards,  the  Niagara  is  the  grandest 
example.  At  the  Falls  the  water  tumbles  over  a  ledge  of  lime- 
stone which  rests  on  a  thickness  of  shales.  By  the  action  of  the 
spray  which  rises  from  the  waterfall,  and  partly  by  the  power 
of  frost,  the  shale  is  rotted  away,  and  thus  the  limestone  is  under- 
mined. It  is  in  part  owing  to  the  undermining  action,  that  visitors 
can  proceed  a  little  way  under  the  falls.  To  do  so  is  well  worth 
a  wettinir :  a  whole'  river  takes  its  miirhty  leap,  and  falls  with  a 
bewUder&g  roar  at  your  very  feet.  andlfTt  be^^nter  giant  icicles 
hang  above  your  head.  When  the  ''under-cutting"  has  gone  on 
for  a  certain  time,  huge  blocks  of  the  limestone  tumble  with  a 
crash  to  the  base  of  the  waterfall.  In  this  way  the  Falls  of  Niagara 
are  working  backwards,  at  the  rate  of  about  one  foot  a  year,  towards 
Lake  Erie.  Only  the  other  day  it  was  stated  in  Nature  that,  on 
November  17,  1877,  a  large  section  of  the  rock  towards  the  Canada 
shore  fell  with  a  tremendous  crash,  and  that  during  the  night  a 
still  larger  area  went  down. 

But  what  becomes  of  all  the  material  dug  out  by  the  stream 
as  it  cuts  its  way  sideways,  or  downwards,  or  backwards  ?  If  we 
watch  any  little  rill  which  falls  into  a  pool  on  the  sea-shore, 
we  shall  soon  find  out  We  shall  see  that  the  sand  and  other 
material  which  it  carries  are  built  up  into  a  little  delta,  while  some 
of  the  finest  material  is  spread  at  large  over  the  bottom  of  the  pool. 
Large  rivers  carry  vast  quantities  of  mud  and  sand  and  silt  (much 
of  which  is  washed  off  the  land  by  the  rain)  to  the  sea.  Experi- 
ments of  mine  on  the  Thames  at  Surbiton  show  that  in  fine 
weather,  when  the  river  was  low  and  fairly  clear,  solid  matter 
in  suspension  was  being  carried  seawards  at  the  rate  of  9767 
tons  per  annum;  while,  when  the  river  was  in  extreme  flood, 
matter  at  the  rate  of  524,940  tons  per  annum  was  passing 
in  this  way  down  towards  the  sea.  With  the  great  rivers  of  the 
world  of  course  the  amounts  are  still  more  enormous.  Sir  Charles 
Lyell  calculated  "  that  if  a  fleet  of  more  than  80  Indiamen,  each 
freighted  with  about  1,400  tons  weight  of  mud,  were  to  sail  down 
the  Ganges  every  hour  of  every  day  and  night  for  four  months 
continuously,  they  would  only  transport  from  the  higher  countiy  to 
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tlie  sea  a  mass  of  solid  matter  equal  to  that  borne  down  by  the 
Ganges  in  the  four  months  of  flood  season."  All  the  matter 
carried  down  in  this  way  is  built  up,  layer  upon  layer,  into  a  vast 
delta  deposit,  or  strewn  over  the  bed  of  the  ooean.  Of  such  layers 
much  of  the  crust  of  the  earth,  the  sand  and  clay  at  the  top  of  the 
cliff  behind  us  for  example,  is  composed. 

But  besides  the  matter  carried  down  by  rivers  in  suspension,  a 
vast  amount  is  carried  down  in  solution.  Take  the  Thames  for 
example.  For  every  grain  transported  mechanically,  more  than 
20  grains  are  carried  down  chemically.  Every  gallon  contains  some 
20  grains  of  lime  salts,  and  about  two  grains  of  common  table  salt, 
or  Chloride  of  Sodium.  These  also  are  carried  out  into  the  sea,  in 
which  the  Chloride  of  Sodium,  along  with  certain  other  salts, 
accumulates  on  the  evaporation  of  the  water,  and  thus  forms  the 
brine  of  the  ocean,  while  the  Carbonate  of  Calcium  is  separated  by 
living  creatures  and  built  up  into  some  sort  of  pure  limestone.  Of 
such  limestones  also  much  of  the  crust  of  the  earth,  the  chalk  of  the 
cliff  behind  us  for  example,  is  composed. 

We  have  thus  seen  what  the  streamlet  is  doing.  It  is  aiding  the 
rivers  of  the  world  to  carve  out  valleys,  and  it  is  carrying  seawards  the 
fine  mud  and  sand  which  result  from  its  own  work  and  that  of  rain, 
to  contribute  to  the  framework  of  a  future  continent.  And  how 
comes  it  here  ?  Directly  or  indirectly  from  rainfall.  Whether  its 
source  be  a  spring,  or  the  collected  waters  from  a  sloping  hill-side,  it 
matters  not  Without  rainfall,  such  as  is  now  pouring  from  the 
distant  storm-cloud,  the  streamlet  could  have  had  no  existence. 

Another  question  therefore  suggests  itself :  What  is  this  rainfall 
doing,  and  how  comes  it  here  ?  If  we  walk  along  the  shore  for  a 
little  distance,  we  may  perhaps  see  (if  there  is  beneath  the  cliffs  any 
clayey  material  containing  flat  stones)  small  pillars  of  earth,  each 
capped  by  one  of  these  flat  stones.  These  are  little  monuments  of 
rain  action.  Bain  falls  upon  the  surface  and  runs  off  towards  lower 
levels ;  as  it  runs,  however,  it  carries  with  it  a  little  of  the  fine 
clayey  material.  Thus  it  lowers  the  surface.  But  where  there  is  a 
flat  stone,  the  surface  is  protected  from  the  softening  action  of  rain- 
drops, just  as  a  house  is  protected  by  its  roof.  The  soil  beneath  the 
stone  is  not  carried  away,  and  the  miniature  earth  pillar  stands  out  as 
a  monument.  In  Switzerland  there  are,  in  several  places,  earth 
pillars  50  or  60  feet  high,  which  have  been  formed  in  this  way. 

But  it  is  not  only  where  there  are  earth  pillars  that  the  rain  is 
exercising  a  denuding  action  upon  the  land.  If  we  go  out  into  the 
fields  on  any  rainy  day,  we  may  watch  how  the  soil  is  literally 
flowing  downwards  to  the  sea.  Few  fields  are  perfectly  flat,  and 
the  rain  which  falls  upon  the  surface  tends  to  drain  off  at  the  lowest 
possible  level.  But  if  we  examine  the  water  which  is  thus  on  its 
way  down  the  field,  we  shall  at  once  see  that  it  is  not  clear,  that  it 
carries  with  it  some  of  the  soiL  Much  of  the  rain,  of  course,  sinks 
into  the  ground.  But  before  it  does  so  it  is  nearly  sure  to  trickle  a 
foot  or  two  over  the  surface.  Even  if  it  only  runs  a  few  inches,  it 
must  bear  with  it  some  of  the  soil  for  this  distance,  and  there  lea^ve 
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it  If  the  rainfall  continue,  the  soil  is  soon  oarried  a  few  inches 
farther;  and  it  always  travels  in  one  direction  from  higher  to  lower 
levels.  Oar  field  may  be  separated  at  its  lower  end  from  another  by 
a  wall,  which  will  check  the  downward  progress  of  the  soil.  If 
this  be  so,  we  shall  often  find  that,  from  the  aocamulation  of  this 
soil,  a  child  may  look  over  the  wall  on  that  side  of  it  which  faces  ap 
hill,  while  a  fall-grown  man  may  have  to  stand  on  tiptoe  to  gain  the 
same  advantage  on  the  lower  side.  Or  perhaps  at  ihQ  bottom  of  the 
field  there  may  be  a  ditch;  that  ditch  may  communicate  with  a 
streamlet,  and  the  streamlet  fall  into  a  river.  Some  of  the  soil  of 
the  field  is  thus  carried  by  every  heavy  shower  of  rain  into  the  ditch, 
and  thence  into  the  river,  i^iter  a  wet  day  we  shall  find  that  all 
the  tiny  rills,  the  little  rivulets,  the  streams,  and  the  great  rivers 
themselves,  are  muddy  and  thick.  This  mud  is  nearly  all  derived 
from  the  soil  of  the  land  which  lies  in  the  river-valley.  Thus  the 
land  is  always  flowing  downwards  to  the  sea ;  not  a  particle  can  get 
up  again  when  once  it  has  flowed  even  a  few  feet  in  its  downward 
course :  and  this  action  is  going  on  wherever  rain  falls  upon  the 
surface  of  the  land. 

But  though  the  sur&ce  layer  is,  in  this  way,  being  constantly 
washed  off  the  fields,  the  soil  does  not  lessen  in  quantity.  For  as  fast 
as  material  is  carried  away  by  the  rain,  so  fast  does  the  same  agent, 
aided  by  weathering  action,  prepare  fresh  soil,  to  be  treated  in  a 
similar  manner.  At  the  same  time,  we  must  remember  that,  though 
the  amount  of  soil  does  not  grow  less,  the  amount  of  land  above  the 
waters  of  the  ocean  does  diminish.  Does  this  seem  strange?  A 
rough  analogy  may  serve  to  make  it  clear.  A  man  possesses  a 
certain  amount  of  money,  most  of  which  is  in  the  bank,  and  a  small 
amount,  for  immediate  use,  in  his  waistcoat  pocket.  As  fast  as  his 
ready  cash  disappears,  he  draws  a  cheque  on  his  banker,  and  in  this 
way  his  waistcoat  pocket  has  a  more  or  less  constant  supply.. 
Practically  speaking,  therefore,  his  ready  cash  does  not  diminish, 
though  his  balance  at  the  bankers  does  not  remain  equally  constant, 
but  decreases  day  by  day,  at  a  rate  which  would  shortly  lead  to 
bankruptcy,  if  he  were  not  careful  that  there  should  be  a  supply 
equal  to  the  demand.  Now  the  soil  is  the  ready  cash,  and  the  strata 
of  England  the  balance  at  the  bank.  Bainfall  is  continually  tending 
to  diminish  the  amount  of  soil  or  ready  cash,  which  is  made  good  by 
a  fresh  supply  from  the  bank.  It  is  perfectly  obvious,  however, 
that  the  balance  at  the  bankers  must  decrease,  and  that  in  the  course 
of  ages  England  must  be  entirely  washed  away  into  the  sea  of 
geological  bankruptcy,  unless  the  bank  receive  a  fresh  supply; 
unless,  in  other  words,  by  the  force  of  elevation,  fresh  land  be 
raised,  from  time  to  time,  above  the  waters  of  the  ocean. 

With  regard  to  the  influence  of  rain  on  the  physical  aspect  of  a 
country,  it  may  be  said  that,  viewed  on  a  large  scale  and  in  a  general 
way,  this  agent  exercises  a  softening  effect  on  scenery;  in  those 
areas  where  the  strata  are  of  a  soft  and  easily  yielding  nature,  the 
work  oi  rain  as  an  Earth-sculptor  is  to  cause  the  land  to  assume  a 
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genily  tmdalating  form,  and  to  extend  in  hreadih  those  valleys 
which  rivers  are  always  tending  to  extend  in  depth  On  those 
rocks,  however,  which  are  of  a  harder  nature,  rain  has  less  absolute 
power,  but  even  here  it  renders  the  scenery  less  rugged;  less 
sublime  perhaps,  but  more  beautiful.. 

And  how  comes  this  rain?  We  know  that  it  falls  from  the 
clouds.  We  know  too  that  these  clouds  are  formed  when  the  air 
above  is  cooled  so  much  that  it  can  no  longer  hold  in  solution  all 
the  vapour  of  water  which  it  has  borne  in  an  invisible  form  from 
afar.  The  rain,  therefore,  comes  from  the  vapour  of  water  existing 
in  the  wind.  And  how  comes  it  to  exist  in  the  wind  ?  It  is  ob- 
tained from  the  Atlantic  Ocean.  Thither  then  we  must  travel  iii 
thought  and  try  and  picture  to  ourselves  what  takes  place  when  the 
visible  liquid  water  is  converted  into  the  invisible  gaseous  vapour 
of  water.  Now  it  is  quite  evident  that  some  force  is  overcome— 
some  binding  force  which  drew  the  particles  of  water  closely  together. 
This  force  is  cohesion.  It  may  be  likened  to  a  strong  man  w.ho 
holds  the  watery  particles  in  bondage,  not  indeed  so  severe  as  that 
of  the  terrible  ice-king  of  the  Arctic  and  Antarctic  regions,  for  they 
are  allowed  free  motion  among  each  other,  and  are  not  locked  in  the 
solid  state,  but  still  bondage  chaining  them  down  to  the  limits  of  the 
ocean.  This  strong  man  will  not  loose  his  grip  until  he  be  conquered 
by  a  stronger  than  he ;  and  on  the  Atlantic  he  meets  with  that 
stronger  man  whom  we  call  heat 

Sun-heat  sets  free  the  particles  of  water  from  the  bondage  of 
cohesion,  and  allows  them  to  escape  into  the  air.  But  the  mastery 
is  not  gained  without  an  effort,  and  the  value  of  this  effort  has  been 
calculated.  To  emancipate  nine  pounds  weight  of  water  particles, 
an  amount  of  energy  has  to  be  expended,  equal  to  that  of  lifting  a 
ton  to  the  top  of  a  precipice  2900  feet  high.'  But  just  as,  when  two 
"wrestlers  struggle  together,  neither  can  master  the  other  without  a 
true  waste  of  his  substance  taking  place,  a  waste  that  has  ere  long 
to  be  made  good  by  the  absorption  of  a  certain  amount  of  mutton  or 
beef,  so  too  on  the  Atlantic,  during  the  struggle  between  cohesion 
and  heat,  a  certain  amount  of  the  latter  is  consumed  and  disappears. 
The  amount  of  heat  so  expended  has  also  been  calculated.  In 
setting  free  nine  pounds  of  water  particles  an  amount  of  heat 
disappears  sufiScient  to  fuse  45  lbs.  of  cast  iron.' 

To  take  leave  of  metaphor,  this  amount  of  heat  is  expended  in 
overcoming  cohesion  and  tearing  asunder  the  particles  of  water. 
The  vapour  particles  thus  formed,  kept  separate  from  each  other  by 
heat,  are  carried  by  the  wind  to  our  shores ;  there  the  air  in  which 
they  float  is  cooled ;  the  heat  is  now  insuifi&cient  to  overcome  the 
force  of  cohesion,  and  the  water  particles,  no  longer  held  apart, 
clash  together,  and  as  they  do  so  they  generate  by  the  shock  as 
much  heat  as  was  expended  before  in  tearing  them  asunder.  All 
the  heat  which  disappeared — was  rendered  latent  or  hidden — when 
the  vapour  of  water  was  raised  from  the  Atlantic,  is  set  free  or 
rendered  sensible  when  condensation  takes  place.  For  every  nine 
'  These  are  two  different  ways  of  stating  the  9am$  fact. 


248  C.  Lloyd  Morgan — Physiography. 

poundfl  weight  of  cloud  formed  in  our  skies,  an  amount  of  heat  is 
set  free  sufficient  to  melt  46  lbs.  of  oast  iron. 

A  valuable  lesson  may  be  learnt  from  this  behaviour  of  water  and 
water  vapour.  When  the  liquid  water  became  gaseous  vapour,  a 
certain  amount  of  heat  energy  disappeared.  But  it  was  not  de- 
stroyed. It  was  converted  into  another  form  of  energy  which  we 
may  call  the  energy  of  separation.  The  particles  were  forcibly 
separated  from  one  another,  and  a  certain  amount  of  energy  was 
neoessary  to  keep  them  apart  Presently,  however,  they  clashed 
together  again,  and  the  energy  of  separation  was  reconverted  into 
the  energy  of  heat.  The  amount  of  heat  given  out  was  exactly 
equal  to  the  amount  of  sun-heat  absorbed.  Day  by  day  fresh 
experiment  and  observation  make  clearer  this  great  law  of  nature : 
that  by  no  means  at  our  disposal  can  we  either  destroy  or  create 
energy.  We  may  change  it  in  a  number  of  ways.  We  may  con- 
vert chemical  separation  into  electricity,  this  into  mechanical  motion, 
and  mechanical  motion  into  heat.  But  we  can  neither  call  into 
existence  or  put  out  of  existence  any  portion  of  the  energy  of  the 
universe,  any  more  than  we  can  call  into  existence  or  put  out  of 
existence  any  portion  of  the  matter  of  the  universe. 

One  more  fact  must  be  noticed.  Though  the  same  amount  of 
heat  is  given  out  by  the  condensation  of  the  aqueous  vapour,  as  was 
absorbed  on  the  Atlantic  during  its  formation,  it  is  no  longer  useful 
in  the  same  way.  It  does  not  possess  the  power  of  again  converting 
water  into  water  vapour.  It  has  become  degraded.  It  is  the  same 
in  amount,  but  different  in  value.  The  water  which  turns  a  mill  is 
the  same  in  amount,  whether  it  lies  above  or  below  the  water-wheel ; 
but  it  differs  vastly  in  value.  That  above  the  mill  is  useful  to  the 
miller :  that  below  the  mill  is  useless.  It  is  the  same  with  energy. 
Just  as  water  tends  to  run  down  from  higher  to  lower  levels,  so  does 
energy  tend  to  run  down  from  higher  to  lower  forms.  All  forms  of 
energy  tend  to  be  degraded  to  heat  uniformly  diffused  throughout 
space. 

To  the  energy  of  sun-heat,  then,  we  owe  the  existence  of  vapour 
of  water  in  the  wind.  And  to  what  do  we  owe  the  wind  itself? 
To  the  same  cause.  On  any  winter's  evening,  the  colder  the  better, 
we  may  make  the  following  experiment,  first  performed  by  Franklin. 
When  the  dining-room  is  warm,  but  the  hall  outside  cold,  we  may 
throw  open  the  door  to  its  full  extent  On  holding  a  lighted  candle 
in  the  doorway  near  the  top,  we  shall  find  that  the  flame  is  blown 
outwards :  on  holding  it  near  the  bottom,  we  shall  find  that  it  is 
blown  inwards :  midway  between  the  top  and  the  floor,  the  flame 
will  bum  steadily.  The  cause  of  this  is  obvious  when  we  remember 
that  warm  air  is  lighter  than  cold  air.  When  the  door  is  opened, 
warm  air  rushes  out  near  the  top,  and,  to  supply  its  place,  cold  air 
rushes  inwards  along  the  floor.  The  two  currents  are  divided  by  a 
calm. 

At  the  seaside  we  may  watch  the  same  sort  of  experiment  per- 
formed on  a  larger  scale  by  nature.  In  settled  summer  weather 
sailoTB  count  on  a  sea-breeze  in  the  morning,  and  a  bi'eeze  from  the  land 
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at  night.  The  cause  of  these  land  and  sea-breezes,  with  which  every 
yc^chtsman  is  acquainted,  is  simple.  In  the  morning  the  sun  shines 
alike  on  land  and  sea :  the  land,  however,  most  readily  takes .  up  the 
undulations  of  heat.  The  air  above  the  land  thus  warmed  expands, 
and  forms  an  upward  current,  while  a  refreshing  breeze  comes  along 
the  surface  from  the  sea,  just  as  a  cold  current  psussed  along  the 
floor  from  the  hall. 

At  nightfall  the  reverse  is  the  case.  The  sun  withdraws  his  rays 
from  land  and  sea :  but  the  land,  which  was  the  first  to  be  heated  in 
the  morning,  is  the  first  to  cool  in  the  evening.  Soon  it  is  as  cool  as 
the  sea.  Ere  long  it  has  become  colder  than  the  sea.  And  the  current 
now  sets  outwards  from  the  land.  We  have  changed  the  conditions. 
We  have  brought  a  refngerator  into  the  dining-room,  and  the  lower 
cold  current  now  sets  outwards  into  the  hall.  It  is,  of  course,  under 
ordinary  conditions,  only  the  under  current  which  we  on  the  eai'th 
feeL  The  upper  current  is  far  above  our  heads.  A  French  balloonist 
(Tissondier)  rose  from  Calais  into  the  upper  current,  and  was 
carried  far  out  to  sea ;  on  descending  he  entered  the  under  current, 
which  bore  him  safely  back  to  Calais. 

The  same  laws  are  seen  in  operation  in  the  Indian  Ocean.  There 
for  half  the  year  the  North-east  Monsoon  which  blows  from  the 
continent  of  Asia  is  the  prevalent  wind.  During  the  summer,  how- 
ever, it  is  forced  back  by  a  South-west  wind,  caused  by  the  great 
upward  draught  over  the  glowing  plains  of  Central  Asia. 

Far  away  on  the  broad  Atlantic  and  Pacific  Oceans,  we  may  see 
the  same  thing  on  a  scale  so  magnificent  as  to  form  a  healthy  and 
vigorous  circulation  for  the  whole  world.  In  the  great  system  of 
winds,  of  which  the  trade  winds  are  the  most  constant,  we  have 
mighty  currents  of  air  which  sweep  from  pole  to  pole,  and  are  the 
very  life  of  the  earth  over  which  they  pursue  their  ceaseless  course. 

Thus  the  existence  of  the  winds  is  due  to  sun-heat.^ 

Let  us  pause  here  for  a  moment  to  see  what  we  have  learnt.  We 
have  seen  that  the  waves  which  beat  on  our  shores,  and  denude  our 
coast-lines,  are  due  to  the  winds ;  that  the  rivers  which  cut  down 
trenches  into  the  earth  are  due  to  rain,  which  is  itself  brought  to  us 
as  vapour  of  water  by  the  winds ;  and  we  have  seen  that  both  the 
formation  of  water  vapour,  and  the  existence  of  the  winds,  are  due 
to  sun-heat.  This  sun-heat  is  therefore  the  highest  link  we  have  yet 
reached  in  the  chain  of  causation.  We  have  also  seen  incidentally  that 
the  sand  and  clay  at  the  top  of  the  clifif  were  built  up  of  mud  and 
sand  grains,  carried  down  mechanically  by  rivers  to  the  sea:  and  that 
the  chalk  has  been  separated  by  living  creatures  from  the  sea-water 
to  which  the  lime  had  been  carried  down  in  solution  by  rivers.  The 
question — how  came  this  life  upon  the  earth  ? — now  arises.  It  will 
not  however  be  discussed  here.  It  is  enough  to  state  that  it  is 
almost  universally  believed  by  those  competent  to  give  an  opinion, 
that  all  life  forms  have  come  into  being  by  a  process  of  evolution 
from  primitive  organic  germs.  It  may  be  noticed,  however,  that  all 
life,  whether  vegetal  or  animal,  is  made  possible  only  by  solar 

'  Their  direction  is  modified  by  the  rotation  of  the  Earth, 
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energy,  Ammals  depend  on  plants,  directly  or  indirecily,  both  for 
the  food  they  eat  and  for  the  air  they  breathe.  In  the  absence  of 
sunlight  plants  would  be  unable  to  decompose  the  vast  quantity  of 
carbonic  acid  which  animals  breathe  forth :  and  thus  their  source 
of  carbon  and  our  source  of  oxygen  would  be  cut  off. 

Another  question  must  now  bs  put  and  shortly  answered.  The 
sand  and  clay  and  chalk  which  form  our  cliff  were  laid  down 
beneath  the  sea ;  how  come  they  now  to  form  dry  land  ?  Now  it  is 
clear  that  one  of  two  things  must  have  taken  place :  either  the  level 
of  the  sea  has-been  depressed  or  that  the  land  has  been  raised. 
Geologists  do  not  hesitate  to  say  that  it  is  the  land  which  has  under- 
gone the  change  in  level,  while  the  sea  has  remained  stationary. 
The  sea  is,  in  fact,  more  stable,  more  constant,  more  ancient  than 
our  oldest  continents.  All  land  is,  on  the  other  hand,  subject  to 
changes  of  level.  In  the  Himalaya  mountains  shells,  which  once 
lived  in  the  sea,  are  found  at  an  elevation  of  16,000  feet  above  the 
level  of  the  ocean.  The  northern  part  of  Scandinavia  is  even  now 
slowly  rising,  while  the  southern  portion  is  undergoing  depression. 
But  how  ?    There  lies  the  question. 

It  is  now  well  known  that  the  Earth  is,  in  the  interior,  in  an  in- 
tensely heated  condition.  In  deep  wells  and  mines  the  temperature 
rises  about  1^  Fah.  for  every  sixty  feet  we  descend.  The  melted 
lava  poured  forth  during  volcanic  eruptions  gives  us  some  idea  of  the 
temperature  comparatively  near  the  surface.  The  centre  of  the 
Earth  must  then  be  hot  beyond  conception.  But  it  is  gradually 
cooling.  Heat  is  flowing  outwards  through  the  crust  into  space :  the 
cooling  of  the  Earth  is  accompanied  by  contraction  of  the  mass  of  the 
Earth :  and  unequal  contraction  produces  areas  of  depression  and 
elevation. 

Is  this  clear  ?  Perhaps  a  comparison  of  great  things  with  small 
will  make  it  clearer.  The  human  mind  seems  at  times  to  fail  to 
grasp  facts  which  are,  in  truth,  simple,  but  which  from  their  magni- 
tude are  hard  of  conception.  If,  for  instance,  we  stand  on  a  high 
peak  and  look  out  over  a  portion  of  a  great  mountain  chain,  and  see 
the  grand  summits  standing  out  along  the  central  ridge,  it  is  difficult 
to  conceive  how  this  grand  upheaval  could  have  been  produced ;  and 
perhaps  the  mind,  wearied  with  the  attempt  to  grapple  with  a  subject 
almost  too  great  for  its  powers,  finds  relief  in  the  thought,  that  the 
mighty  elevation  was  due  to  some  great  cataclysm  or  convulsion  of 
Nature,  concerning  the  cause  of  which — as  a  matter  beyond  our  ken 
— it  would  be  rash  to  speculate.  And  if  it  were  then  suggested  that 
mountain  chains,  such  as  that  in  the  midst  of  which  we  were  standing, 
must  be  the  inevitable  result  of  the  contraction  of  a  cooling  globe,  it 
may  be  that  our  understanding  would  reject  a  conclusion  which  it 
could  not  at  once  grasp. 

But  if  when  we  have  left  the  mountain  top,  we  take  up  a  withered 
apple  of  last  year's  growth,  the  consideration  of  its  surface  may  help 
us  to  understand  that  which  before  was  so  hard  to  comprehend. 
When  we  plucked  that  apple,  a  year  ago,  its  surface  was  smooth,  and 
the  skin  was  stretched  tightly  over  the  fruit  beneath.     But  since  that 


C.  Lloyd  Morgan — Physiography,  251 

time  the  apple  has  shrank  in  size,  the  fruit  having  oontraoted  within 
the  skin,  which,  no  longer  tight  and  glossy,  is  now  wrinkled  and 
puckered  up. 

But  just  as  in  the  apple,  so  too  in  our  planet,  there  is  an  inner 
portion  which  is  contracting,  and  an  outer  portion  which  does  not 
shrink :  and  as  surely  as  the  earth  is  losing  heat  by  radiation  into 
space,  her  mass  contracting  and  her  si^e  growing  less,  so  surely  must 
the  outer  portion  become  puckered  up,  the  most  prominent  wrinkles 
forming  what  we  call  mountain  ranges. 

While  avn-heatf  therefore,  enables  rain,  rivers,  and  the  sea  to 
denude  the  land  and  to  combine  in  the  formation  of  new  continents, 
earih-heai  causes  a  fresh  supply  of  land  to  be  raised  above  the  waters. 
Were  it  not  for  this  earth-heat  England,  as  already  mentioned,  would 
during  the  course  of  geological  time  be  entirely  washed  into  the 
ocean  of  geological  bankruptcy.  All  geological  action,  except  that 
due  to  the  tides,  is  brought  about  by  sun-heat  or  by  earth-heat 

Before  inquiring  what  is  the  cause  of  this  sun-heat  and  this  earth- 
heat,  there  is  one  more  question  to  be  answered.  Of  what  does  the 
air,  the  water,  the  clifi^  ultimately  consist?  Are  earth,  air,  and 
water,  as  the  ancients  believed,  elements  ?  No.  The  air  is  composed 
chiefly  of  a  mixture  of  a  gas  called  Nitrogen  with  one-fifth  of  its 
volume  of  Oxygen.  It  is  not  difficult,  as  will  be  seen  in  Professor 
Huxley's  book,  for  the  chemist  in  his  laboratory  to  separate  these  two 
gases.  Nor  has  he  much  difficulty  in  splitting  up  water  into  the  two 
gases  oxygen  and  hydrogen ;  while  the  further  task  of  ascertaining 
of  what  the  solid  crust  of  the  Earth  is  composed,  though  it  requires 
more  labour,  is  by  no  means  beyond  his  powers.  But  whereas  water 
contains  but  two  elements,  in  tiie  solid  crust  of  the  earth  there  are 
about  sixty-five.  But  what  are  these  elements?  They  are  simple 
bodies  which  resist  every  effort  of  the  chemist  to  decompose  them 
into  simpler  bodies.  Many  chemists,  however,  believe  that,  though 
we  cannot  by  any  means  at  our  disposal  thus  split  them  up,  this  is 
only  because  the  means  at  our  disposal  are  limited,  and  that,  at  an 
intensely  high  temperature,  all  would  be  found  to  consist  of  one 
primitive  form  of  elementary  matter. 

One  of  the  most  striking  results  of  modem  scientific  inquiry  is 
the  discovery,  by  means  of  the  spectroscope,  that  there  exists  in  the 
Son's  photosphere  some  sixteen  or  seventeen  at  least  of  the  so-called 
elements,  with  which  we  are  acquainted  on  the  surface  of  our  earth. 
Herein  lies  one  of  those  many  bonds,  by  which  we  are  connected 
with  our  central  luminary.  The  cause  of  these  bonds ;  the  origin  of 
sun-heat  and  earth-heat ;  and  of  the  Sun  and  the  Earth  themselves, 
now  require  elucidation. 

Aoooriding  to  the  now-generally-accepted  theory,  known  as  the 
Nebular  Hypothesis  of  Kant  and  Laplace  (and  it  must  be  noted  that 
we  are  here  passing  from  the  well  known  to  the  less  known),  our 
solar  system  was  formed  from  a  diffuse  nebulous  mass.  We  must 
imagine  that  this  rotating  spheroid  mass  once  extended  to  the  furthest 
limits  of  the  solar  system ;  beyond  the  orbit  of  Neptune.  It  radiated 
heat  freely  into  space,  and  under  the  force  of  gravitation  und<^x^^'DiX> 
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oontraotion.  And  as  it  contracted  it  left  behind  it  rings  of  vapour 
which,  breaking  up,  formed  secondary  rotating  spheroids,  themselves 
contracting/ themselves  leaving  behind  them  rings,  forming  tertiary 
spheroids,  themselves  passing  in  their  orbits  round  the  central  mass. 
That  central  spheroid  mass  is  the  Sun ;  one  of  the  secondary  rotating 
spheroids  is  the  Earth,  the  Moon  being  a  tertiary  spheroid.  The 
Earth-planet  thus  formed  was  gaseous;  but  as  time  rolled  on,  it 
passed  through  the  liquid  state,  to  the  more  or  less  solid  state,  which 
it  at  present  possesses. 

Sun-heat  is  therefore  the  result  of  the  condensation  of  the  primary 
spheroid :  earth-heat  the  remnant  of  that  produced  by  the  condensa- 
tion of  a  secondary  nebulous  spheroid. 

And  now  comes  the  question,  how  was  the  rotating  nebulous 
spheroid  formed  ? 

If  we  take  a  smaU  piece  of  lead  and  deal  it  a  number  of  heavy 
blows  with  a  hammer,  we  shall  find  that  the  lead  becomes  hot.  If 
we  continue  to  hammer  for  ten  minutes,  we  shall  find  that  the  lead 
becomes  too  hot  to  hold.  Now  what  is  the  cause  of  the  heating  of 
the  lead.  Simply  this:  when  the  lead  is  struck,  the  motion  of 
the  hammer  is  suddenly  stopped :  but  the  motion  is  taken  up  in  a 
new  form  by  the  particles  of  the  lead,  and  this  new  form  of  motion 
is  heat  The  visible  motion  of  the  hammer  is  converted  into  the 
invisible  molecular  motion  of  heat:  for  heat  is  simply  the  rapid 
vibration  of  the  ultimate  particles  of  matter. 

When  a  bullet  is  shot  from  a  rifle  against  an  iron  target,  the 
rapidity  of  the  motion  is  suddenly  arrested  ;  heat  is  developed ;  and 
this  heat  may  in  some  cases  be  sufiScient  to  melt  the  point  of  the 
bullet.  In  the  same  way  the  immense  iron  shot,  hurled  from  our 
modern  pieces  of  ordnance,  cannot  fail  to  be  intensely  heated,  when 
they  strike  against  the  sides  of  such  a  ship  as  the  Inflexible.  It  is 
quite  conceivable  that  a  shot  or  bullet  of  lead  might  be  projected 
with  such  violence  as  to  be,  not  only  fused,  but  converted  into  vapour 
on  striking  the  target  For  when  the  motion  of  heat  becomes  ex- 
tremely violent,  the  particles  of  matter  are  shaken  asunder,  and 
a  vapour  is  formed. 

We  may  take  the  velocity  of  a  rifle  bullet  to  be  225  feet  in  a  second. 
The  velocity  at  which  the  Earth  moves  through  space,  as  she  travels 
round  the  Sun,  is  about  19  miles  in  a  second.  If  we  imagine  that 
the  Earth  were  suddenly  to  strike  a  huge  target,  the  heat  generated 
would  be  sufficient,  not  only  to  fuse  the  Earth,  but  to  reduce  it  in 
great  part  to  vapour.  "  The  amount  of  heat  thus  developed  would 
be  equal  to  that  derived  from  the  combustion  of  fourteen  globes  of 
coal,  each  equal  to  the  Earth  in  magnitude.  And  if,  after  the  stoppage 
of  her  motion,  the  Earth  should  fall  into  the  Sun,  as  it  assuredly 
would,  the  amount  of  heat  generated  by  the  blow  would  be  equal  to 
that  developed  by  the  combustion  of  6600  worlds  of  solid  carbon." 

Now,  it  is  supposed  by  Dr.  Croll  and  others  (and  here,  be  it 
noticed,  we  pass  to  the  still  less  known :  to  the  purely  hypotiietical, 
but  still  conceivable),  that  the  nebulous  mass  from  which  the  solar 
system  has  been  evolved  resulted  from  the  collision  in  sptu^e  of  two 
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vast  masses  moving  at  great  velocity.  Each  pf  these  masses  may 
be  supposed  to  have  developed  from  a  nebalous  mass,  in  the  same 
way  that  the  solar  system  has  itself  developed.  Such  nebulous 
masses  were  midowed  with  that  high  form  of  energy,  which  may  be 
termed,  generally,  the  energy  of  separation.  But  we  have  seen  that 
this  and  all  other  intermediate  forms  of  energy  tend  to  run  down, 
and  be  degraded  to  heat  uniformly  distributed  throughout  space. 
Some  men  of  science  tell  us  that  this  will  be  the  ultimate  condition 
of  the  energy  of  the  universe.  They  tell  us  that  the  planets  will 
fall  into  the  Sun,  and  that  thus  the  matter  of  the  solar  system  will 
be  aggregated  into  one  mass :  that  this  mass  coming  into  collision 
with  another  mass  similarly  formed  will  produce  the  nebulous 
spheroid  from  which  another  system  greater  and  grander  than  ours 
will  be  formed :  and  that  so  the  same  Uiing  will  go  on  until  all  the 
matter  of  the  universe  is  aggregated  into  one  metss,  and  all  the 
energy  of  the  universe  is  converted  into  uniformly  dififused  heat 

But  here  we  have  transcended  the  powers  of  the  human  intellect. 
We  have  reached  that  thin  atmosphere  in  which  we  can  no  longer 
build.  We  have  traced  the  chain  of  causation  as  far  as  we  are  able. 
We  have  reached  the  Unknowable.  When  we  seek  to  go  further : 
-when  we  inquire  what  is  matter,  what  is  force,  what  is  the  ether 
through  which  force  acts  on  matter,  what  is  the  apace  in  which  co- 
existences are  manifested,  and  the  time  in  which  sequences  are 
manifested:  when  we  inquire  what  is  consciousness,  what  is  the 
thought  by  which  we  are  able  to  trace  to  some  extent  the  chain  of 
causation,  we  are  met  by  alternative  contradictories.  We  are  in  the 
presence  of  the  Mystery  of  Mysteries.  Let  us  humbly,  modestly, 
truthfully  confess  our  ignorance. 

It  may,  perhaps,  be  said  that  there  is  much  in  the  foregoing  pages 
that  is  quite  out  of  place  in  the  Geological  Magazine — much  about 
wind  and  aqueous  vapours,  the  Nebular  Hypothesis  and  the  Unknow- 
able. But  is  it  out  of  place  ?  If  there  be  any  truth  in  my  opening 
paragraph — ^that  just  as  an  artist  has  now  and  again  to  view  his 
picture  from  a  distance,  so  does  the  man  of  science  have  from  time 
to  time  to  take  a  comprehensive  survey  of  his  subject — ^No.  In 
any  consideration,  however  imperfect,  of  the  work  which  Geology 
is  doing  for  Modem  Philosophy,  we  must  weave  that  work  into  the 
general  picture  presented  by  die  study  of  Nature.  This  I  have 
attempted  to  do.  In  the  first  place  I  have  endeavoured  to  point  out 
the  law  of  causation ;  that  all  that  we  see  about  us  has  been  caused 
in  some  way  or  other.  In  most  cases,  from  the  nature  of  the  subject, 
this  law  of  causation  has  been  illustrated  qualitatively :  but  in  the 
case  of  the  formation  of  water- vapour  the  quantitative  truth  of  the 
law  has  been  indicated ;  and  the  law  of  the  conservation  of  energy 
briefly  alluded  to.  In  the  second  place  I  have  tried  to  show,  as  far 
as  was  possible  in  the  space  at  my  command,  how  the  crust  of  the  Earth 
has  been  built  up  by  the  mechanical  agency  of  rivers,  forming  deltas, 
and  the  vital  agency  of  simply-constituted  creatures.  By  these  two 
agencies  nearly  all  the  rocks  have  been  formed,  with  the  exception 
of  salt,  and,  perhaps,    magnesian  limestone,  which   are  due  to 
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chemical  agency.  By  the  action  of  earth-heat  and  other  causes, 
however,  some  of  these  rooks  have  been  so  altered  that  their  original 
source  is  scarcely,  if  at  all,  recognizable.  How  this  earth-heat  has 
raised  the  strata,  thus  formed  beneath  the  sea,  above  the  waters  of 
the  ocean,  has  been  pointed  out ;  and  the  action  of  the  sea- waves, 
and  of  rain  and  rivers  in  carving  out  the  face  of  the  country, 
horizontally  and  vertically,  has  been  indicated.  In  tracing  the 
chain  of  causation  from  the  well-known  to  the  Unknowable,  I  have 
not  followed  the  example  set  by  Prof.  Huxley  in  the  excellent  little 
book  which  bears  the  same  title  as  this  article.  In  these  days,  how- 
ever, when  we  hear  so  much  of  the  "  pride  of  Science,"  it  is  well  to 
point  out  that  in  the  study  of  Nature  we  reach  at  last  ultimate  questions, 
with  respect  to  which  we  must  one  and  all  confess  with  modest 
humility  that  we  are  and  must  be  ignorant.  Finally,  in  making 
each  fact  the  effect  of  one  which  had  gone  before  it,  in  time,  and  the 
cause  of  one  which  followed,  I  have  aimed  at  that  organization  of 
knowledge,  without  which  any  number  of  accumulated  facts  are  but 
isolated  pieces  of  general  information. 
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British  Cbetaobous  Deposits:  with  Description  op  a  New 
Species  (S.  Woodwabdii). 

By  William  Datibs,  F.G.S., 
of  the  British  Museum. 

(PLATE  VIII.) 

DE.  MANTELL,  in  his  classical  work,  the  "  Fossils  of  the  Soiitli 
Downs,"  figured  two  large  compressed  and  lanciform  teeth  ' 
preserved  in  his  collection  and  obtained  from  the  Chalk  at  Lewes, 
as  respectively  the  teeth,  of  an  unknown  fish  and  of  a  species 
of  Squahu.  Similar  teeth,  and  from  the  same  collection,  were 
subsequently  figured  and  described  by  Prof.  Louis  Agassiz,'  who, 
from  external  characters  chiefly,  considered  them  to  have  belonged 
to  a  Sphyrsenoid  fish,  and  he  referred  them  to  an  American 
species  founded  by  Dr.  Harlan  upon  portions  of  jaws  with  teeth 
in  situ  found  in  a  Cretaceous  deposit  in  the  State  of  New  Jersey, 
but  described  by  him'  as  remains  of  a  Saurian,  and  to  which  he 
gave  the  name  of  Saurocephalus  lanciformis.  At  the  time  when 
Agassiz  refeiTcd  these  teeth  to  Harlan's  species,  and  determined 
their  ichthyic  character,  he  had  not  seen  the  American  fossils ;  but 
he  states  that  these  conclusions  were  subsequently  confirmed  by 
Prof.  Owen*s  description  and  drawings  of  the  microscopic  structure, 
and  of  teeth  of  the  natural  size  of  the  Saurocephalus  lanciformis, 
Harl.,  in  his  "Odontography,"  p.  130,  pi.  55.  But  Prof.  Owen's 
researches  were  made  upon  a  genuine  tooth  of  the  American  fossil 
sent  to  him  by  Dr.  Harlan,  and  not  upon  an  English  specimen. 
For  some  years  after  the  publication  of  Agassiz's  work  the  species 

^  op.  cit.  pi.  33,  figs.  7  and  9. 

'  Recherches  Poissons  Fossiles,  torn.  v.  p.  102,  pi.  26  e,  figs.  21  —  29. 

'  Joum.  Acad.  Nat  Sc,  vol.  iii.  p.  337,  pi.  xii.  figs.  1—6. 
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was  known  only  by  isolated  teeth,  which  are  far  from  rare  in 
the  Chalk  and  the  so-called  Upper  Qreensand  of  Cambridge; 
specimens  also  occur,  though  not  so  abundantly,  in  other  British 
Cretaceous  deposits.  Ultimately  a  fine  fragment  of  a  lower  jaw 
came  into  the  possession  of  the  late  Dr.  Bowerbank;  while  a 
portion  of  a  maxilla  was  obtained  by  Mrs.  Smith  of  Tunbridge 
Wells,  both  being  from  the  Chalk  of  Burham,  Kent 

These  specimens  and  some  detached  teeth  in  his  own  collection 
were  figured  by  Mr.  Dixon ; '  who  also  states  that  he  has  ^'  a  portion 
of  an  upper  jaw  with  two  teeth,"  in  his  possession ;  and  following 
Agassiz  he  refers  these  remains  to  the  Saurocephalus  lanciformis, 
Harl. 

It  may  be  stated  here,  that  all  these  interesting  and  instructive 
specimens  from  the  respective  collections  of  Dr.  Mantell,  Dr.  Bower- 
bank,  Mrs.  Smith  and  Mr.  Dixon,  have  been  obtained  for,  and  are 
now  preserved  in  the  National  Collection. 

Mr.  Dixon  also  figures'  and  notes  a  bony  rostrum,  which  had 
been  obtained  by  Sir  Philip  Grey-Egerton,  whose  practised  eye 
recognized  it  as  the  consolidated  and  prolonged  prffimaxillss  of  the 
same  species  of  fish  to  which  the  remains  under  consideration 
belong.  Very  recently,  I  have  seen  a  paper  published  in  1857  by 
Prof.  Leidy,  of  Philadelphia,'  in  which  he  contends  that  the  teeth 
referred  by  Agassiz  to  Saurocephaltu  lanciformis,  Harl.,  do  not  belong 
to  the  species  described  by  Dr.  Harlan  under  that  name,  but  that 
they  appertain  to  a  very  different  fish,  and  in  support  of  his  position 
Prof.  Leidy  re-figures  and  describes  the  original  specimen  upon 
which  the  species  was  founded.  A  glance  at  ihe  figures  is  sufiicient 
to  show  that  the  remains  of  the  English  and  American  fishes,  which 
have  hitherto  been  considered  as  generically  and  specifically  the  same, 
do  in  reality  belong  to  two  distinct  genera.  It  seems  strange  that 
so  important  a  paper  should  have  been  overlooked  or  been  but  little 
known  to  English  ichthyologists,  as  in  all  collections  I  have  seen, 
this  particular  form  of  tooth  and  also  the  rostral  bones  are  invariably 
labelled  as  Saurocephalus  lanciformia,  Harl.  The  isolated  teeth  and 
jaws,  figured  in  the  respective  works  of  Agassiz  and  Dixon,  Prof. 
Leidy  refers  to  a  Sphyraenoid  fish  which  he  names  Protosphyroma 
/eroXf  and  he  further  states,  that  the  rostral  bones  have  no  rela- 
tion to  these  jaws  and  teeth,  but  pertain  to  a  Xiphioid  fish,  which 
he  designates  Xiphiaa  Dixoni,  It  is  due  to  Prof.  Leidy  to  state 
that  these  conclusions  were  derived  from  the  published  figures 
alone,  and  not  from  a  study  of  the  fossils. 

With  a  view  of  testing  these  conclusions  preparatory  to  re- 
labelling the  specimens  in  the  National  Collection,  I  carefully  ex- 
amined and  compared  all  the  English  types  of  the  species  which 
have  been  figured,  not  only  with  each  other,  but  also  with  many 
other  specimens,  more  or  less  perfect,  in  the  same  collection ;  and  I 

1  Geol.  and  Foss.  of  SuBsez,  p.  374,  plates  xzx.  fig.  20,  21 ;  zxxi.  fig.  12 ; 
xxxIt.  fig.  11. 

»  op.  ciU  p.  374,  pi.  32»,  fig.  1. 

*  Bemarks  on  Saurocephaius  and  its  Allies^  Trans.  Am.  Phil.  See.  vol.  xl.  p.  91. 
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have  no  hedtation  in  stating,  that  the  isolated  teeth,  portions  of  jaws 
and  rostral  bones  do  appertain  to  the  same  species  of  fish.  The 
enamel  ooating  of  the  crown,  and  the  form  and  structure  of  the 
rostral  teeth,  are  the  same  in  character  as  the  teeth  in  the  maxilla 
and  mandible;  each  has  a  well-deyeloped,  laterally  compressed 
crown,  with  long  fangs,  adapted  for  insertion  in  distinct  sockets; 
and,  moreover,  the  well-ossified  and  somewhat  massive  bones  of  the 
mandible  correspond  in  structure,  external  ornamentation,  and  even 
in  condition  of  preservation,  with  the  same  elements  of  the  ros- 
trum. This  conclusion  is  also  supported  by  the  fact  that  wherever 
the  isolated  teeth  are  found,  there  are  also  found  portions,  more 
or  less  perfect,  of  rostra.  Associated  in  the  same  deposits  are 
frequently  obtained  coalesced  caudal  vertebne  similar  to,  but  less 
symmetrical,  and  also  shorter,  higher  and  thicker,  than  the  con- 
solidated caudal  vertebne  of  the  Tetrapterus  These  vertebras  I 
have  long  regarded  as  belonging  to  the  SauroeephaluB  lanciformh, 
as  hitherto  understood,  and  have  so  named  them  in  the  National 
Collection.  It  was  a  simple  deduction,  derived  from  the  fact  that 
a  fish  armed  with  such  a  powerful  weapon  of  offence  would  have 
had,  to  render  that  weapon  effective,  an  equally  powerful  organ 
of  propulsion  through  its  native  element  And  such  coalesced 
vertebne  we  find  in  the  tail  of  Xiphiaa  and  other  recent  fishes.  In 
the  same  deposits  frequently  occur  either  singly,  or  in  displaced 
groups,  some  long  bony  and  unarticulated  fin-rays,  which  probably 
appertain  to  the  same  species. 

That  the  teeth,  in  form  and  mode  of  implantation  in  distinct  sockets, 
simulate  the  teeth  of  a  Sphyrsenoid  fish,  is  apparent,  but  no  fishes  of 
this  family  have  the  premaxillaries  consolidated  and  prolonged  into 
a  bony  rostrum  ;  neither  have  any  of  the  long-beaked  fishes  of  the 
Scomber-Esocidae,  in  which  family  these  remains  have  latterly  been 
classed.  Again,  the  pair  of  backward-pointing  teeth  of  the  rostrum, 
with  the  well-developed  armature  of  the  maxillaries  and  dentary 
bones,  and  also  the  abrupt  termination  of  the  mandibular  symphysis, 
armed  with  three  strong  teeth  on  either  side,  two  of  which  are 
horizontally  directed ;  preclude  these  remains  from  association  with 
Xtphias,  in  which  genus  the  jaws  are  all  but  edentulous,  and  the 
mandibular  symphysis  acutely  pointed. 

Therefore,  neither  of  the  generic  names  proposed  by  Prof.  Leidy 
are  applicable  to  these  remains,  but  having  included  in  ProtosphyrcBna 
two  species  that  are  generically  distinct,  viz.  the  species  under  con- 
sideration, and  the  Saurocephalus  striatus,  founded  by  Agasdz  upon 
mere  fragments  of  two  jaws,  having  respectively  five  and  three 
teeth  in  situ  ;  and  these,  not  being  inserted  in  sockets,  are  clearly  not 
referable  to  Sauroc^lialus,  therefore  Leidy's  genus  might  be  re- 
tained, provisionally,  for  the  S,  striatua  of  Agassiz.  It  is  thus 
evident  that  the  British  fossils  hitherto  referred  to  Saurocephalus 
lanciformis  are  types  of  a  new  genus. 

Prof.  Cope,  in  1&72,  founded  his  genus  Ertstchthe  upon  some 
remains  found  in  a  Cretaceous  deposit  in  Kansas;  these  he  sub- 
sequently  figured  in  his  larger  work  on  the  **  Cretaceous  Vertebrata 
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of  the  West."  ^  They  consist  of  a  maxillary,  supposed  premaxillaries, 
and  the  anterior  portion  of  a 'left  man<Uble;  and  so  alike  are  the 
maxillary  and  mandible  to  the  specimens  figured  by  Dixon  that 
there  could  be  no  doubt  as  to  their  being  generioally  the  same  if  we 
could  assume  that  Cope  had  erroneou^y  determined  the  bones  he 
refers  to  the  premaxillaries ;  but  if  he  is  rights  they  cannot  be  cor- 
related, for  in  the  American  species  the  premaxillaa  are  not  prolonged 
into  a  bony  rostrum,  a  feature  not  mentioned  by  him  as  characteristio 
of  this,  or  even  of  any  other  species  described  in  the  above- 
mentioned  work.  Yet  it  would  seem  as  though  he  had  a  doubt  as 
to  the  correctness  of  his  interpretation  of  these  bones,  for  he  does 
not  refer  to  them  in  his  diagnosiff  of  the  genus  nor  in  his  description 
of  the  species.  The  maxillary  bones,  he  states,  "  are  sub-triangular 
in  form,  and  support  three  or  four  large  lancet-shaped  teeth  at  the 
middle  of  their  length.  There  are  no  teeth  beyond  them ;  but,  on 
the  deeper  side,  there  are  several  small  lancet-shaped  teeth."' 

The  maxillary  figured  in  Dixon,  but  of  which  no  description  is 
given,  is  also  sub-triangular  in  form,  but  much  deeper  in  proportion 
to  its  length  than  the  Erinchthe  nitida,  Oope ;  the  surface  having  an 
irregular  rugose  ornamentation.  It  shows  a  continuous  series  of 
seven  landform  and  equidistant  teeth,  increasing  in  size  from  the 
anterior  tooth  to  the  fourth ;  this,  and  the  posterior  teeth,  appear 
from  the  alveoli  to  have  been  of  uniform  size.  Three  teeth  are  in 
situ,  viz.  the  first,  or  anterior,  the  fourth  and  sixth,  the  others  being 
represented  by  the  alveoli  alone.  More  or  less  deeply  seated  in  each 
of  these  are  the  apices  of  successional  teeth.  It  also  differs  from 
E.  fUUda,  insomuch  that  it  has  no  outer  row  of  small  lancet-shaped 
teeth.  The  anterior  termination  of  the  bone  is  wanting;  it  measures 
in  length  three  and  a  half  inches,  and  one  inch  and  a  half  at  the 
deepest  part  between  the  sixth  and  seventh  alveoli,  the  pre- 
maxillary  sutural  margin  being  entire. 

The  anterior  portions  of  the  mandibular  rami,  having  regard  to 
specific  differences,  are  so  alike  in  the  respective  drawings  of  Cope 
and  Dixon,  that  they  might  be  assigned  without  a  doubt  to  the  same 
genus,  were  it  not  for  the  other  fragments  which  are  referred  to  it  by 
Cope.     His  description  of  this  bone  is  as  follows : — 

"  The  teeth  on  the  greater  part  of  the  dentaiy  are  intermediate  in 
size  between  the  large  and  small  ones  of  the  maxillaries ;  they  stand 
on  the  outer  edge  of  a  broad  horizontal  alveolar  plane.  There  are 
three  laige  teetibi  in  a  series  at  the  end  of  the  dentary  on  the  outer 
side;  they  have  been  lost,  but  their  bases  are  broader  ovab  than 
those  of  the  maxillary  bone.  On  the  middle  line  of  this  part  of  the 
dentary  is  a  dose  series  of  small  compressed  teeth  with  striate  enamel, 
standing  on  a  ridge  of  the  bone ;  they  leave  the  last  large  tooth  to 
the  outer  side,  while  on  the  inner  side  stand  two  or  three  lancet- 
shaped  tusks  of  a  short  row  further  back." — op.  cit.,  p.  218. 

The  characters  of  the  specimen  from  Kent  are  thus  defined  in 
Dixon's  work : — 

1   Report  of  the  United  States  Geological  Surrey  of  the  Territories,  vol.  ii.  1876. 
'  op.  eit.  p.  218. 
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"The  finest  specimen  of  this  species  hitherto  discovered  belongs 
to  Mr.  Bowerbank ;  it  shows  the  extremities  of  the  two  rami  of  the 
lower  jaw ;  the  dentary  bones  thicken  out  as  they  converge  to  the 
symphysis  to  give  space  for  the  implantation  of  six  large  lancifonu 
teethy  which  project  forwards  nearly  in  a  horizontal  direction ;  the 
dentary  bone  immediately  behind  the  symphysis  is  armed  on  its 
inner  edge  with  strong  laniary  teeth ;  the  two  hinder  ones  being  on 
either  side  considerably  larger  than  those  that  precede  them ;  the 
specimen  is  broken  off  a  short  distance  from  the  commencement  of 
the  outer  row,  the  anterior  teeth  of  which  are  small."  ^ 

We  have  here  many  essential  points  in  which  the  two  specimens 
agree,  the  main  points  of  difference  being  the  anterior  row  of  small 
lancet-shaped  teeth  upon  the  outer  border  of  the  dentary  bone  in  the 
American  species,  but  which  are  not  present  in  the  British  specimen, 
which  has  the  anterior  teeth  of  the  dentary  bone  in  one  continuous 
series,  with  smaller  teeth  in  advance  of  the  larger ;  the  small  teeth 
of  the  outer  border  commence  about  half  an  inch  behind  the  last 
laniary  tooth  of  the  inner  border. 

To  the  above  description  may  be  added  the  satisfactory  evidence  of 
the  mode  of  successicHi  of  the  teeth.  This  is  shown  by  the  bases  of 
the  first  laniaries,  as  also  those  of  the  upper  and  horizontal  teeth  of 
the  symphysis  on  either  ramus  of  the  mandible  having  been  absorbed 
to  make  room  for  the  successional  teeth,  the  apices  of  which  are 
present  in  each  alveolus  excepting  that  of  the  right  laniary,  which 
has  been  lost ;  they  abut  against  the  absorbed  portions  of  the  fangs, 
and  are  thus  developed,  as  in  Moaaaaurus  and  other  Lacertians,  on 
the  outside,  and  not  within  the  pulp  cavity  of  the  mature  tooth. 

I  had  written  the  foregoing  remarks,  when  my  friend  Mr.  E.  T. 
Newton,  F.O.S.,  of  the  Jermyn  Street  Museum,  to  whom  I  had  shown 
a  portion  of  the  manuscript,  very  kindly  called  my  attention  to  a  paper 
"On  the  genus  Erisichthej''  published  in  1877,  in  the  sixth  Bulletin 
of  the  U.S.  Geological  and  Oeographical  Survey,  a  copy  of  which  he 
h6td  received  from  Prof.  Cope ;  and  I  publish  them  as  an  instance  of 
not  uncommon  occurrence,  of  an  independent  conclusion  derived  from 
an  actual  study  of  special  objects,  in  some  degree  confirming  what 
had  already  been  accomplished  by  other  investigators. 

In  this  paper  Prof.  Cope  has  identified  and  described  three  species 
of  Erisichthe  from  Kansas,  and  concludes  with  the  following  para- 
graph :  "  A  fourth  species  has  been  found  in  England,  and  figured  by 
Dixon  in  the  *  Geology  of  Sussex.*  The  portions  represented  in  this 
work  are  the  mandibles,  which  resemble  those  of  E.  ntfuia,  and  which 
were  supposed  at  that  time  to  belong  to  a  species  of  Sauroeephalus. 
A  muzzle,  perhaps  of  the  same  species,  was  regarded  as  a  Sword-fish, 
which  was  called  Xtphias  Dixonii  by  Agassiz."  This  is  an  error;  the 
name,  as  we  have  seen,  was  given  by  Leidy.  He  continues,  "It 
should  be  now  termed  Eriaichthe  Dixani" 

With  regard  to  the  genus,  he  remarks  that "  Eriatchthe  nitida,  Cope, 
was  originally  represented  by  a  few  portions  of  the  skull ;  among 
other  pieces,  the  premaxillary  and  dentary  bones  being  present    The 

^  Dixon,  Geol.  Subs.  pp.  374,  37o. 
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latter  element  was  correctly  determined,  but  the  premazillary  was 
called  maxillary  in  my  description."  Having  obtained  another 
specimen  from  Kansas,  he  continues,  "From  this  and  other  specimens 
I  discover  that  the  anterior  portion  of  the  skull,  probably  the  ethmoid 
bone,  is  produced  in  a  long  beak,  in  general  form  similar  to  the 
sword-like  snout  of  the  Sword-fishes  of  modem  seas."  The  pro- 
longation of  thei  ethmoid  into  a  long  snout  is  an  important  discovery, 
as  it  dears  the  difficulty  in  regard  to  the  bones  previously  referred 
to  the  premaxillaries.  He  continues,  ''The  specimen  above  mentioned 
includes  also  the  maxillary  bones,  so  that  their  true  character  is  now 
clear.  A  remarkable  feature  of  the  genus  is  displayed  in  the  man- 
dibles. Each  of  these  is  compound  in  the  region  usually  composed 
of  the  simple  dentary  bone.  It  there  consists  of  three  parallel 
elements,  an  internal  and  an  external  embracing  a  median  dement. 
The  inner  bears  a  band  of  teeth  en  brosse  on  its  inner  and  superior 
aspect,  and  the  external  a  few  teeth  of  similar  character,  on  its 
superior  edge.  The  large  lancet-shaped  teeth  are  borne  by  the 
middle  element,  excepting  some  of  the  largest  near  the  symphysis. 
Two  of  these  on  the  inner  side  of  the  ramus  originate  in  the  internal 
bone." 

The  mandible  figured  by  Dixon  has  but  two  parallel  elements  in 
each  ramus,  and  bears  no  inner  "  band  of  teeth  en  hrosae  on  its  inner 
and  superior  aspect ;"  proving  that  the  number  of  the  elements  in 
the  region  of  the  dentary  bone  is  only  of  specific  and  not  of  generic 
value.  Other  points  of  specific  differences  in  the  respective  mandibles 
I  have  previously  mentioned.  Prof.  Cope  further  states  that,  "  ante- 
rior to  the  premaxillary  bones,  on  the  inferior  aspect  of  the  ?  ethmoid, 
is  situated  a  pair  of  large,  compressed,  double-edged  teeth,  whose 
alveoli  are  close  together.  Only  one  of  these  teeth  is  in  functional 
service  at  a  time."  Here  again,  supposing  this  to  prove  a  constant 
character  in  the  American  fossils,  the  species  of  the  two  countries  are 
not  in  harmony ;  for  in  Mr.  Dixon's  collection  is  a  proximal  portion 
of  a  rostrum,  referred  by  him  to  the  upper  jaw,  in  which  both  teeth 
are  preserved  intact;  they  are  nearly  equal  in  size  and  fully  developed 
(Plate  Vlll.  Fig.  3) ;  and  in  another  specimen  in  the  British  Museum, 
although  the  crowns  are  broken,  and  one  tooth  is  larger  than  the 
other,  yet  they  demonstrate  clearly  that  they  were  both  sufficiently 
projected  beyond  their  respective  alveoli  as  to  have  been  in  func- 
tional service  together.  In  other  imperfect  examples  in  the  same 
collection,  the  fangs  show  that  the  lost  crowns  of  the  teeth  must 
have  been  well  if  not  equally  developed.  And  in  all,  one  tooth,  the 
largest,  is  slightly  in  advance  of  the  other.  The  rostra  are  hollow  for 
a  large  portion  of  their  length. 

Prof.  Cope,  to  whom  we  are  largely  indebted  for  his  original 
investigations  on  the  Cretaceous  fossil  fishes,  refers  Erisichthe  to  his 
family  SaurodontidcBf  in  which  group  of  fishes,  species  of  most  of 
the  genera  are  to  be  met  with  in  the  Cretaceous  formations  of 
England. 

iSaurocephaltu  lanctformis  will,  therefore,  excepting  as  a  synonym, 
have  to  be  exduded  from  the  catalogue  of  British  fossils^  sxid  i\x^ 
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remains  which  have  hitherto  borne  the  name  will  henceforth  appear 
in  the  corrected  lists  thus : 

Eritkhthe  Dixtmi,  Cope  (sine  descrip.);  BulL  of  the  U.S.  Geol.  and  Geog.  Snrr., 

Tol.  ill.  1877,  p.  821. 
Sauroetphalui  UMtiformU^  Harl. ;  Agassiz,  Rech.  PoIbb.  Fobs.,  torn.  t.  pt.  1,  p. 

102,  pL  25c.  figB.  21-29.    Dixon,  Geol.  Suss.,  1850,  p.  374,  pi.  30,  figs. 

21,  21a-d.  pL  81,  fi§.  12,  pi.  32*,  fig.  1,  pi.  34,  fig.  11. 
Frotoiphyratia  ferox,  Leidy,  in  part  (sine  descrip.) ;  Trans.  Amer.  PhiL  Soc., 

1857,  yol.  xi.  p.  13. 
Xiphiga  DtzoHif  Leidy,  in  part  (sine  descrip.),  cp,  eit. 

All  the  European  species  referred  to  Saurocephalus  by  continental 
authors  having  been  founded  upon  isolated  teeth,  similar  in  character 
to  those  erroneously  referred  to  the  genus  by  Agassis,  will  have  to 
be  transferred  to  Erinehthe  or  some  allied  fishes.     Nevertheless, 
there  is  evidence  that  Saurocephalua  is  a  European  genus;  for  among 
the  fossil  fishes  from  the  Upper  Cretaceous  beds  of  Maestricht,  in  the 
Van  Breda  collection  in  the  British  Museum,  are  remains  of  an  un- 
described  species.     They  are  contained  in  a  split  block  of  the  well- 
known  friable  matrix,  which  expose  on  their  opposing  surfaces  the 
greater  portion  of  a  ramus  of  a  mandible  vnik  teeth.      Since  its 
acquisition  by  the  British  Museum,  a  maxillary  and  some  bones  of 
the  head  which  were  present  in  the  matrix  have  been  developed, 
but  unfortunately  the  bones  are  in  too  fragmentary  a  condition  to 
be  satisfactorily  determined.     The  maxilla  is  also  imperfect,  and  is 
so  placed  that  the  form  and  dimensions  of  so  much  as  is  preserved 
cannot  be  ascertained,  for  the  anterior  end  underlies  the  dentarv 
bone,  at  right  angles  and  in  immediate  contact  with  it ;  the  upper 
Butural  margin  also,  if  present,  is  imbedded  in  the  matrix  among 
the  crushed  bones  of  the  head,  but  fortunately,  as  regards  the  satis- 
factory determination  of  the  genus,  it  shows  the  inner  and  most 
important  view.     The  length  of  the  alveolar  border  as  seen  is  2J 
inches,  and  the  greatest  vertical  depth  of  the  bone  exposed  is  7 
lines.     It  contains  twenty  teeth,  the  crowns  of  some  are  broken,  but 
those  of  the  first  eight  are  entire,  and  some  are  represented  by  the 
apices  of  successional  teeth  just  emerging  above  the  margins  of  their 
respective  alveoli.    The  teeth  are  closely  set,  having  comparatively 
short  depressed  crowns  with  long  bases.     The  inner  side  of  the 
alveolar  border  is  slightly  depressed  to  a  vertical  depth  of  about  one 
line;  about  midway  along  this  depression,  and  opposite  to   the 
vertical  axis  of  the  teeth,  commences  a  series  of  short  oblique  notches, 
which  terminate  in  foramina  upon  the  raised  portion  of  the  bone. 
These  foramina  are,  according  to  Leidy,  characteristic  of  the  genus, 
their  function  being  the  nutrition   of  the  successional  teeth.      It 
difiers  from  the  maxillaries  figured  by  the  same  author  in  being 
intermediate  in    size    between   Saurocephalus    landformis    and    ;S\ 
Leanus;  the  apices  of  the  teeth  are  also  longer  in  proportion  to  their 
breadth  than  in  S.  lanciformia,  and  this  last  species  does  not  appear 
to  have  any  foraminal  notches  ;  those  in  8.  Leanus  are  straight,  and 
have  their  origin  at  the  alveolar  margin ;  whilst  in  our  specimen 
they  are  oblique,  and  commence  about  midway  from  the  margin. 
In  splittwg  the  block  the  dentary  bone  was  unfortunately  divided, 
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portions  adhering  to  each  counterpart  It  is  imperfect,  insomuch  as 
neither  the  symphysis  nor  the  articular  bone  are  complete;  the 
angular  bone  is  also  imperfect,  and  the  lower  marginal  border  is  not 
clearly  defined :  yet  enough  is  preserved  to  enable  us  to  form  an 
approximate  estimate  as  to  its  original  size  and  form.  The  fragment 
is  6  inches  and  2  lines  in  lengUi,  of  which,  about  4^  inches  was 
occupied  by  the  dental  alveoli ;  at  a  distance  of  4'  inches  from  the 
symphysis  it  has  a  vertical  depth  of  2  inches  and  4  lines,  and  from 
this  point  it  tapers  to  a  depth  of  only  10  lines  at  the  symphysis. 
Upon  one  block,  and  occupying  a  space  of  1  inch  and  8  lines  of  the 
posterior  half  of  the  dentary  margin,  are  preserved  a  consecutive 
series  of  17  entire  teeth,  one  just  emerging  from  its  alveolus ;  they 
are  closely  set,  and  gradually  increase  in  size  from  the  front  to  the 
back,  the  anterior  tooth  being  4  lines  high,  and  the  last  having  a 
height  of  6  lines,  the  crown  being  2^  lines  high,  and  in  antero- 
posterior breadth  1  line  at  its  base ;  these  dimensions  seem  to  be 
about  the  relative  proportions  of  the  crown  to  the  fang  in  all  the 
teeth ;  they  are  compressed  and  lancet-shaped,  and  the  enamel  is 
very  finely  striated.  Each  fang  has  a  central  shallow  vertical  sulcus, 
which  is  continued  into  the  base  of  the  crown,  but  they  are  not  so 
distinctly  facetted  at  the  sides  as  are  the  teeth  of  SauraeephaluB  land' 
formis.  Anterior  to,  and  also  behind  this  series  of  teeth,  the  alveolar 
region  of  the  dentary  is  broken,  so  that  we  cannot  with  certainty 
estimate  the  number  of  teeth  the  mandible  contained. 

Upon  the  counterblock  are  preserved  the  imperfect  angular  bone 
and  the  symphysial  end  of  the  mandible,  which  supports  the  first 
five  teeth;  they  are  separated  by  a  considerable  mterval  of  the 
broken  alveolar  border  from  the  other  series ;  these  anterior  teeth 
are  much  smaller,  the  fifth,  or  last  tooth,  which  is  wholly  exposed, 
being  but  2  lines  in  height  They  thus  agree  in  their  relative 
proportions  with  regard  to  the  gpradnal  increase  in  size  of  the  teeth 
from  the  front  to  the  back  of  the  mouth.  The  mandible  is  deep  and 
laterally  compressed,  the  bones  being  very  thin ;  the  articular  bone 
is  oomparatively  short,  but  its  sutural  margins  are  obscure ;  it  shows 
the  articular  notch.  A  portion  of  a  quadrate  bone  is  present,  of 
which,  little  more  than  the  articulating  condyle  is  preserved. 

The  bones  of  the  head,  as  previously  stated,  are  too  fragmentary 
and  displaced  for  their  characters  to  be  accurately  defined. 

It  is  with  much  pleasure  that  I  dedicate  this  new  species  to  my 
friend,  Dr.  H.  Woodward,  F.B.S.,  etc.,  by  whose  exertions  this 
specimen,  with  many  other  fine  fossils  from  the  Maestridht  beds 
funning  the  Van  Breda  Museum  at  Haarlem,  were  secured  for  the 
National  OoUection. 

Fio.  EXPLANATION  OP  PLATE  VlII. 

1.  Inner  view  of  the  maxillary  of  Sauroctphdlua  Woodwardi,  showing  the  foramina 

and  notches,  natural  size. 

2.  Outer  view  of  the  left  mandibular  nuuua  of  the  same,  drawn  from  the  two  blocks 

of  matrix,  natural  size. 
2a.  Enlarged  outer  view  of  the  anterior  tooth  of  the  posterior  series,  3  times  nat.  size. 
2h,  Inner  view  of  the  same  tooth. 

3.  Proxin^  end  of  muzzle,  of  Erkkhth$  Dixom,  showing  the  paix  ot  tQiAn3L\«eJd^. 
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III. — On  the  Possibility  of  Changes  in  the  Eabth's  Axis. 

By  Key.  E.  Hill,  M.A.,  F.G.8. 
FeUow  and  Tutor  of  St.  John's  College,  Cambridge. 

THE  possibility  of  change  in  the  position  of  the  Earth's  axis 
seems  periodically  to  attract  attention.  This  is  happening  now. 
Professor  Haughton  has  written  upon  this  subject,  Sir  William  Thom- 
son has  alluded  to  it,  while  two  important  papers  have  been  read 
upon  it,  one  by  Professor  Twisden  before  the  Geological  Society,  the 
other  by  Mr.  Greorge  H.  Darwin  before  the  Royid  Society.  This 
article  is  an  endeavour  to  exhibit  to  the  general  reader  the  assump- 
tions with  which  they  have  started,  and  the  results  they  have  ob- 
tained. 

The  phrase  ''change  in  the  Earth's  axis"  is  susceptible  of  several 
meanings  which  do  not  coincide  in  like  changes  of  climate.  The 
Earth  may  be  supposed  to  be  tilted,  so  that  its  axis  of  rotation 
should  mcJce  a  new  angle  with  the  plane  of  the  ecliptic  Or  the 
Earth  may  retain  the  same  shape,  but  be  caused  to  rotate  about  an 
axis  holding  a  different  position  in  its  body.  Or — ^the  change  most 
easily  conceived  by  a  geologist — the  shape  may  be  supposed  to 
change  by  expansions  and  contractions,  so  that  the  axis  of  figure 
shall  occupy  a  new  position  in  the  body  of  the  earth,  which  how- 
ever shall  continue  to  rotate  about  an  axis  the  same  in  direction  as 
before.  Or  lastly,  the  shape  may  thus  change,  and  the  axis  of  rota- 
tion change  also.  They  are  however  to  separate  in  their  change, 
for  if  they  kept  together  this  case  would  agree  with  the  first  men- 
tioned. Imagine  the  Earth  a  huge  orange,  spinning,  impaled  by 
some  giant  of  Hindoo  mythology  on  a  correspondingly  gigantic 
knitting  needle.  The  first  change  would  be  produced  by  his  tilting 
the  needle,  the  second  by  impaling  the  orange  differently,  the  third 
by  squeezing  it  into  a  new  shape,  while  the  fourth  would  naturally 
result  from  the  difficulty  of  holding  the  needle  steady  during  this 
operation. 

There  are  two  kinds  of  alteration  of  climates  whidi  can  thus  be 
produced  on  the  Earth.  If  the  axis  of  rotation  were  tilted  (as  in 
the  first  case),  all  places  would  have  the  same  latitude  as  they  now 
have,  all  pl£U)e8  on  the  same  latitude  would  receive  heat  and  light 
alike,  but  they  would  not  receive  these  in  the  same  way  as  they  do 
now.  The  lengths  of  the  seasons,  and  the  Sun's  midsummer  and 
midwinter  altitudes,  would  be  changed.  The  Arctic  Circles  and  the 
Torrid  Zone  would  change  their  breadths.  An  alteration  of  climates 
would  result,  and  the  alteration  would  be  of  like  nature  on  all  sides 
of  the  Pole.  What  that  alteration  would  be  is  not  so  easy  to  say. 
Probably  a  tilt  making  the  axis  more  nearly  perpendicular  to  the 
plane  of  the  Ecliptic  would  render  the  Polar  climate  milder.  This 
would  agree  with  the  supposed  condition  of  the  Miocene  age.  But 
it  will  be  seen  hereafter  that  this  change  is  exceedingly  difficult  to 
produce. 

The  other  kind  of  alteration  would  result  wei^  the  axis  of  rotation  to 
retain  its  present  direction  in  space  but  to  occupy  a  different  position  in 
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the  body.  The  orange  would  be  impaled  differently  on  the  knitting 
needle.  The  Poles  wonld  not  be  at  the  spots  where  they  now  are. 
The  parallels  of  latitude  would  lie  on  different  circles,  for  latitude 
depends  on  distance  from  the  pole  of  rotation.  The  light  and  heat 
received  by  all  places  on  the  same  latitude  would  be  equal,  and  as 
much  as  that  latitude  now  receives,  but  any  one  place  would  not 
receive  the  same  as  before.  The  latitudes  of  places  would  be  changed. 
There  would  be  as  hot  a  Torrid  Zone,  but  it  would  occupy  a  different 
belt  of  the  surface.  There  would  be  as  wide  an  Arctic  Girde,  but  its 
centre  would  be  at  another  spot.  The  changes  in  climate  would  not 
in  this  case  be  the  same  on  all  sides  of  the  Pole.  On  the  side  nearer 
the  new  Pole  they  would  be  made  more  arctic,  more  temperate  on 
the  side  remote.  Had  the  Pole  been  thus  shifted  in  a  past  age,  traces 
should  somewhere  remain  of  the  then  ice-cap.  Geologists  however 
say  that  at  present  none  are  known. 

Professor  Evans,  in  his  presidential  address  to  the  (Geological 
Society,  asked  mathematicians  whether  the  elevation  of  a  certain 
belt  of  land  would  not  carry  the  Earth's  axis  of  figure  15°  or  20^ 
away  from  its  present  position,  and  whether  ultimately  the  axis  of 
rotation  wonld  not  again  coincide  with  the  axis  of  figure.  That  is, 
be  supposes  the  earth  deformed,  and  asks  whether  this  will  not 
oause  such  a  change  in  the  rotation  axis  as  will  end  in  a  tilt  of  the 
earth  as  final  result 

Professor  Twisden's  paper,  printed  in  the  last  number  (133)  of 
the  Quart.  Joum.  of  the  G^eol.  Soc.,  answers  this  question.  He  takes 
Professor  Evans'  supposition  of  an  elevated  zone  of  land,  and  calcu- 
lates the  deformation  to  which  it  is  equivalent.  He  shows  that 
instead  of  shifting  the  axis  of  figure  15°  or  20°  from  its  present 
position,  it  would  produce  only  about  W  of  angular  displacement, 
and  that  to  obtain  so  great  a  change  as  even  one  degree,  tbe  zone  of 
land  must  be  elevated  no  less  than  five  miles.  He  then  discusses 
what  would  result  from  a  separation  between  the  axis  of  figure  and 
rotation.  He  points  out  a  startling  consequence,  namely,  that  two 
vast  tide-waves  would  sweep  the  earth,  submeiging  the  Equator 
every  150  days  to  a  depth  of  six  miles  or  more.  He  adds  some 
interesting  remarks  on  the  tendencies  to  alteration  which  the  present 
river-systems  may  be  producing,  pointing  out  that  not  only  are  their 
effects  extremely  minute,  but  thai  many  of  them  tend  to  compensate 
for  each  other. 

The  condition  necessary  to  produce  Professor  Twisden's  tide- 
waves  is  that  the  Earth's  axis  of  figure  should  occupy  a  position 
different  from  that  of  her  axis  of  rotation.  Now  expansion  and 
contraction,  upheaval  and  depression,  denudation  and  deposition, 
must  necessarily  deform  the  Earth  and  displace  her  axis  of  figure. 
But  this  alteration  will  be  produced  gradually.  What  will  happen 
meanwhile  to  the  axis  of  rotation  ?  Can  it  be  supposed  to  remain 
unchanged  ?  To  this  question  an  answer  is  provided  by  Mr. 
Darwin's  paper. 

The  conclusions  of  this  paper  are  reached  by  rather  complicated 
analysis.     A  simpler  process  suggested  by  Sir  William  Thomson  ia 
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giren  in  an  appendix.  The  main  results  may  be  obtained  by  general 
reasoning  without  symbols.  But  in  every  case  a  considerable  know- 
ledge of  Eigid  Dynamics  is  required ;  so  the  non-mathematical  reader 
must,  I  fear,  take  the  statements  on  trust  Mr.  Darwin  considers  the 
case  of  the  earth  undergoing  a  very  slow  and  small  deformation ; 
slow,  so  that  thousands  of  years  are  required  for  the  change,  and 
small,  so  that  the  change  when  made  shall  not  have  greatly  altered 
the  shape.  This  will  shift  the  axis  of  figure  away  from  that  original 
position  in  which  it  coincided  with  the  axis  of  rotation.  But  move- 
ments will  thus  be  set  up  in  the  Earth  such  that  coincidence  will  be 
periodically  regained.  And  the  separation  between  the  Poles  will 
be  at  all  times  so  exceedingly  small  that  for  all  practical  purposes 
they  are  coincident  In  fact,  the  distance  between  the  Poles  cannot 
ever  exceed  about  one-third  the  distance  over  which  the  pole  of  figure 
would  be  shifted  by  these  deformations  in  a  period  of  300  days.  >iow 
this,  with  such  elevations  as  we  at  present  know,  of  a  few  feet  in  a 
century  or  the  like,  would  be  a  quantity  almost  microscopia  Thus 
Professor  Twisden's  tide- waves  cannot  arise,  since  the  change  required 
to  produce  them  cannot  oome  into  existence. 

Having  thus  settled  that  the  two  axes  keep  together  in  the  body, 
the  next  question  to  be  considered  is  their  position  in  space.  Is  it 
altered  or  not  ?  Do  the  coincidence-restoring  movements  bring  back 
the  axis  of  figure  to  the  position  in  space  from  which  it  started,  or 
does  the  rotation-pole  follow  the  figure-pole  in  its  wanderings  ?  Is 
the  Earth  not  tilted  or  tilted  ?  Is  not  or  is  the  obliquity  changed  ? 
The  calculations  show  that  it  is  not  to  any  perceptible  d^ree.  For 
instance,  the  process  of  production  of  an  ice-cap  reaching  down  to 
lat.  46°  would  not  alter  the  obliquity  by  '0005  of  one  second.  Hence 
the  deformation  will  produce  a  change  equivalent  to  the  second  case : 
the  orange  impaled  on  the  needle  differently.  It  will  bring  other 
parts  of  the  Earth  into  the  Arctic  regions,  while  the  axis  of  rotation 
retains  a  practically  unchanged  position  in  space.  The  alteration  in 
climate  would  be  of  the  second  kind,  one  whose  evidence  might  be 
expected  to  include  some  traces  of  the  former  ice-cap. 

Having  thus  worked  out  the  effects  of  Deformation,  Mr.  Darwin 
calculates  how  much  deformation  can  be  produced  by  any  conceivable 
elevation  of  land.  He  investigates  very  skilfully  the  shapes  and 
positions  of  regions  of  upheaval  and  subsidence  which  would  be  most 
effective  for  change.  He  takes  the  case  of  an  ocean  bed  15000  feet 
deep  elevated  into  a  continent  1100  feet  high  (which  is  a  little  above 
the  average),  and  obtains  the  new  positions  of  the  axis  of  figure 
corresponding  to  various  assumed  areas  of  such  elevation  and  like 
depression  of  the  surface.  The  possible  alteration  of  position  is  not 
great  A  continent  equal  to  Africa  elevated,  and  an  equal  area  de- 
pressed in  the  most  effective  shapes  and  positions,  would  produce  a 
change  in  the  position  of  the  Pole  of  less  than  two  degrees.  More- 
over, this  is  obtained  on  the  supposition  that  the  elevation  and  de- 
pression are  obtained  by  the  actual  removal  of  matter  from  the  surface 
of  the  one  area,  and  its  deposition  on  the  other.  If  we  adopt  the 
easier  supposition  that  elevation  is  produced  by  the  expansion  of  sub- 
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jaoent  strata,  depression  by  their  contraction,  the  resulting  change  is 
diminished  to  a  considerable,  possibly  to  a  very  great  extent.  If,  for 
instance,  the  expansion  or  contraction  take  place  between  the  depths 
of  10  and  60  miles,  the  shift  of  the  Pole  will  be  diminished  to  less 
than  a  sixtieth  part  of  its  former  amount.  If  the  supposed  areas 
occupy  positions  other  than  the  most  effective,  these  changes  must 
be  still  ^rther  reduced,  and  may  even  vanish  altogether. 

These  calculations  are  based  on  the  supposition  of  a  practically 
rigid  Earth.  If  its  interior  be  fluid.  Professor  Twisden's  tide- waves 
still  hold  good,  for  their  magnitude  depends  only  on  observed 
quantities.  Mr.  Darwin's  calculations  involve  Laplace's  hypothetical 
law  of  density,  and  obtain  results  true  for  a  solid  globe.  But  mathe- 
maticians seem  to  consider  that  even  if  the  interior  be  fluid,  yet  as 
far  as  change  of  rotation  is  concerned,  it  must  behave  as  if  it  were 
rigid.     Accordingly  the  results  are  unaltered. 

Mr.  Darwin  points  out  that  if  alterations  in  the  Earth's  surface 
should  produce  a  separation,  however  small,  between  the  axes  of 
figure  and  of  rotation,  the  mass  of  the  Earth  would  be  thrown  into 
a  state  of  stress,  which  he  suggests  might  be  relieved  by  an  earth- 
quake restoring  coincidence.  Though  the  strains  would  be  extremely 
minute,  this  seems  possible.  He  works  out  the  results  of  this,  and 
also  those  of  the  Earth  being  plastic,  capable  of  yielding  to  any 
stress,  and  deduces  that  the  pole  of  rotation  would  describe  a  kind 
of  spiral  round  the  point  towards  which  the  pole  of  figure  was  being 
shifted  by  the  change.  This  point  he  had  shown  could  not  be  far 
distant,  and  therefore  the  spiral  could  not  be  wide.  Nevertheless 
he  seems  to  think  that  in  a  plastic  globe  this  cause  might  lead  to 
considerable  wandering  of  the  poles.  But  with  respect  to  the  Earth, 
he  appeals  to  Sir  William  Thomson's  demonstrations  of  its  rigidity 
as  excluding  the  hypothesis  of  plasticity. 

Mathematicians  may  seem  to  Qeologists  almost  churlish  in  this  un- 
willingness to  admit  a  change  in  the  Earth's  axis.  Geologists  scarcely 
know  how  much  is  involved  in  what  they  ask.  They  do  not  seem 
to  realize  the  vastness  of  the  Earth's  size,  or  the  enormous  quantity 
of  her  motion.  When  a  mass  of  matter  is  in  rotation  about  an  axis, 
it  cannot  be  made  to  rotate  about  a  new  one  except  by  external 
foix)e.  Internal  changes  cannot  alter  the  axis,  only  the  distribution 
of  the  matter  and  motion  about  it  If  the  mass  began  to  revolve 
about  a  new  axis,  every  particle  would  begin  to  move  in  a  new 
direction.  What  is  there  to  cause  this?  When  a  cannon  ball  strikes 
an  iron  plate  obliquely,  the  shook  may  deflect  it  into  a  new  direction. 
The  Earth's  equator  is  moving  fieister  than  a  cannon  ball.  Where  is 
the  force  that  could  deflect  every  portion  of  it  and  every  particle  of 
the  Earth  into  new  directions  of  motion?  The  cannon  ball  is 
slightly  and  slowly  deflected  by  gravity.  But  the  attraction  of  the 
Sun  and  Moon  could  produce  on  a  slightly  distorted  globe  no  effect 
essentially  different  from  what  they  produce  now.^  No  other  force 
exists  capable  of  producing  any  effects  at  all. 

^  Suppose  the  San*8  attraction  at  any  instant  to  be  causing  in  the  Earth  a  be- 
ginning of  a  rotation  about  any  diameter  through  the  Equator.    Twebre  hLQiQ3%\atest 
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Even  if  geologists  will  give  up  asking  for  a  tilt  of  the  axis,  and 
be  content  with  a  new  shape,  still  the  mathematician  asks  whether 
they  have  realized  the  Earth's  size.  '  Its  deviation  from  a  sphere  is 
trifling  in  amount'  In  what  amount?  In  figure  doubtless.  Were 
its  section  drawn  on  this  page  a  microscope  would  be  wanted  to 
distinguish  the  curve  from  a  circle.  But  in  quantity  the  deviation  is 
not  trifling.  The  height  of  the  highest  mountain  and  the  depth  of 
the  deepest  sea  together  do  not  equal  its  extent.  All  the  mountain 
chains  added  together  would  not  perceptibly  increase  the  volume  of 
the  equatorial  protuberance.  The  mass  of  all  the  continents  re- 
inforced by  that  of  all  the  seas  would  not  be  the  fifth  part  of  it. 
To  change  the  Earth's  shape  this  vast  protuberance  must  be  shifted 
or  masked.  Where  is  the  power  that  can  shift  it,  the  elevation  that 
can  mask  it?  What  are  our  puny  upheavals  and  subsidences  of  an 
ocean  here  and  a  continent  there  compared  with  a  girdle  of  matter 
thirteen  miles  in  thickness?  Take  an  extreme  supposition.  Bemove 
10,000  feet  of  rock  from  the  surface  of  one-half  the  Earth  and 
spread  it  over  the  other  half.  You  could  not  thereby  bring  the  pole 
half  way  to  the  present  Arctic  circle.  Sufficient  changes  in  the 
Earth's  surface  will  undoubtedly  shift  the  pole.  But  will  geologists 
grant  the  changes  that  would  be  sufficient  ? 


IV.  —  Thb    Fobmation    of   Till. 
By  A.  J.  JuKBB-BaowNB,  B.A.,  F.G.S. 

NOTWITHSTANDING  the  numerous  papers  which  have  lately 
been  written  on  the  subject  of  glacial  deposits,  there  is  one 
question  of  fact  which  does  not  appear  to  have  been  satisfactorily  de- 
cided. I  refer  to  the  formation  of  Till  underneath  glaciers,  concern- 
ing the  possibility  of  which  somewhat  diflerent  statements  were  put 
forward  by  two  writers  in  the  February  Number  of  the  Gbological 
Magazine. 

The  following  passage  occurs  in  Dr.  James  Geikie's  paper  on  the 
Preservation  of  Deposits  under  Till : — **  It  is  needless  to  refer  one  to 
the  petty  glaciers  of  the  Alps  and  Norway  to  prove  that  glacier-ice 
cannot  both  erode  its  bed  and  accumulate  ddhris  upon  that  bed  at  one 

and  the  same  time No  considerable  deposit  could  possibly 

gather  below  alpine  glaciers  like  those  of  Switzerland  and  Norway  ; 
but  underneath  glaciers  of  the  kind  that  invaded  the  low  grounds 
of  Piedmont  and  Lombardy  we  know  that  thick  deposits  of  tough 
Boulder-clay,  crammed  with  scratched  stones,  did  accumulate." 

At  a  later  page  of  the  same  Number  Mr.  G.  Linnarsson  animad- 
verts upon  a  portion  of  Prof.  Milne's  "  Travelling  Notes,"  which  have 
recently  appeared  in  this  Magazine,  and  says — "  That,  actually.  Till 

this  diameter  wiU  have  turned  with  the  Earth's  diurnal  motion  so  as  to  lie  in  the 
same  line  but  reversed.  The  rotation  produced  at  the  former  line  will  be  in  the 
opposite  direction  to  that  now  being  caused,  and  will  be  neutralized  by  ii  ^  The 
afternoon  will  undo  the  morning's  work.  This  explanation  is  very  insufficient,  giving 
no  account  of  Precession,  but  it  may  assist  those  unacquainted  with  Rigid  Dynamics 
in  comprehending  how  the  Sun  may  be  perpetually  drawing  the  Earth's  equator 
towards  coincidence  with  the  Ecliptic,  yet  never  bringing  it  any  nearer. 
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is  formed;  and  rooks  polished  and  striated  by  glaoier-ioe,  is  so  well 
known  from  o];)8ervations  in  the  Alps  and  elsewhere,  that  I  think 
Prof.  Milne  himself  cannot  deny  its  capability  of  producing  such 
effects."     The  italics  are  mine. 

Prof.  Milne  will  doubtless  state  his  own  views  more  fully,  and  I 
think  he  may  very  fairly  claim  to  have  the  evidence  of  TUl  being 
formed  under  Alpine  glaciers  set  before  the  readers  of  this  Magazine. 

In  Dr.  Geikie's  ''  Great  Joe  Age,"  I  only  find  mention  of  the  stones 
frozen  into  the  bottom  of  glacier-ice  (p.  40),  and  a  theoretical  descrip* 
tion  of  the  supposed  formation  of  ground-moraine  under  the  Scottish 
ice-sheet  (p.  68).  I  think,  therefore,  that  many  geologists  would  be 
glad  to  have  an  authentic  description  of  the  actual  formation  of 
moraine  profonde  at  the  present  day,  either  in  Switzerland,  Norway  or 
Gi'eenland.  Have  the  original  statements  of  Agassiz  and  Gharpen- 
tier  ever  been  confirmed,  and  are  the  facts  such  as  would  warrant 
the  creation  of  such  a  monster  as  modem  glacialists  have  constructed 
out  of  their  moraine  profonde  f 

One  good  observer  at  any  rate  replies  in  the  negative ;  speaking 
of  some  retreating  Swiss  glaciers,  Prof.  Bonney  says,'  "  In  no  case 
have  I  been  able  to  find  any  deposit  resembling  Till  or  Boulder- 
clay ;  ....  by  availing  myself  of  crevasses,  etc.,  I  have  made  my 
way  occasionally  for  some  little  distance  beneath  the  ice.  Nothing 
has  been  seen  but  bare  rock  with  now  and  then  a  film  of  mud  or  a 
passing  stone." 

Dr.  G^ikie,  however,  is  quite  satisfied  that  no  considerable  deposit 
accumulates  under  Alpine  glaciers,  and  he  says, "  A  mountain  glacier 
is  one  thing — a  glacier  extending  far  into  the  low  gix)unds  beyond 
the  mountains  ....  is  another  and  very  different  thing."  But  is 
the  difference  more  than  one  of  degree?  their  behaviour,  ceteris 
paribus,  must  surely  be  the  same.  Dr.  Geikie  maintains  that  the 
moraine  profonde  will  only  be  formed  in  any  quantity  when  the 
glacier  reaches  the  plains  beyond  the  mountains,  but  the  upholders 
of  the  glacier  erosion  theory  say  that  a  lake  is  likely  to  be  formed 
where  a  glacier  debouches  on  to  level  ground.  Dr.  Geikie  has, 
of  course,  thought  over  this  difficulty,  and  can  doubtless  explain 
how  he  reconciles  the  two  views,  if  indeed  he  accepts  the  latter. 

Again,  the  Greenland  glaciers  are  of  large  size,  but  can  he  point  to 
the  existence  of  grund-moraine  beneath  them  ?  Those  descriptions 
of  Greenland  ice  which  I  have  had  an  opportunity  of  reading  seem 
rather  to  negative  than  confirm  the  supposition  of  its  existence.  An 
excellent  account  was  contributed  to  this  Magazinb*  by  Professor 
Nordenskiold,  who  distinctly  says  that  when  the  ice'  retires  it  gives 
rise  to  a  slope  covered  with  boulders,  not  to  a  moraine.  Again  he 
speaks  of  the  smoothed,  scratched  and  grooved  rocks,  showing  that 
the  fiords  have  been  widened  and  cleansed  from  earth,  gravel-beds 
and  mountain  detritus  by  the  operation  of  glaciers  {loc.  cit  p.  365). 

There  are,  however,  two  peculiar  features  which  are  observable 
along  the  coast,  and  have  oeen  described  by  most  travellers  in 

1  GzoLooiCAL  Haoazinb,  Dec.  II.  Vol.  III.  p.  197. 
>  GzoLooicAL  Maoazinb  for  1871,  Vol.  IX. 
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these  regions.  The  first  of  these  is  the  strip  of  border-land  which 
intervenes  between  the  inland  ioe  and  the  sea-margip,  and  which  is 
the  habitable  part  of  the  country;  over  its  surface  are  scattered 
occasional  ponds  and  lakelets,  it  is  clothed  in  summer  time  with  a 
certain  amount  of  Tegetation,  and  is  frequented  by  many  Arctic 
animals.  The  second  feature  consists  in  the  frequent  occurrence  of 
day  banks  along  the  shore,  and  especially  in  front  of  some  of  the 
larger  glaciers.  Now  have  we  not  in  these  phenomena  some  indi- 
cation of  the  conditions  under  which  the  so-called  iniergladal  beds 
and  the  so-called  Till  were  severally  formed  ? 

Prof.  Nordenskiold  (p.  409)  describes  a  raised  plateau  of  marine 
glacial  clay,  now  forming  part  of  this  border-land,  and  covered  with 
a  scanty  vegetation ;  suppose  this  land  surface  to  be  gradually  sub- 
merged again,  so  that  the  sea  might  once  more  wash  against  the 
faoe  of  the  inland  ioe,  what  succession  of  deposits  should  we  then 
expect  to  be  produced?  would  not  the  land-surfietce  with  its  oc- 
casional fresh-water  beds  be  covered  by  more  or  less  stratified 
marine  deposits  passing  up  into  unfossiliferous  glacial  clay,  in  which 
erratics  would  be  rare  or  frequent  according  to  the  production  of 
icebergs  from  the  ice-wall  ?  and  would  not  the  whole  series  be  very 
similar  to  that  near  Woodhill  Quarry  in  Ayrshire,  as  described  by 
Dr.  Greikie  at  pp.  160-2  of  his  '* Great  Ice  Age"?  The  succession  of 
changes  which  he  considers  to  be  indicated  by  the  evidence  there 
found  are  given  at  p.  174,  and  these  are  exactly  what  we  have  just 
supposed  as  taking  place  in  Greenland,  only  that  the  periods  of  time 
would  be  comparatively  short,  the  changes  of  climate  less  extreme, 
and  the  upper  glacial  clay  would  not  be  a  moraine  profonde. 

In  a  note  at  p.  185  concerning  the  similar  succession  of  beds  in 
Lewis,  Dr.  Geikie  says: — "I  thought  the  beds  between  the  two 
IHlls  or  Boulder-clays  might  indicate  merely  a  temporary  retreat  of 
the  ice  during  some  exceptionally  mild  years,  but  subsequent  and 
more  detailed  observations  in  the  island  have  satisfied  me  that  the 
appearances  presented  by  the  Drift  cannot  be  thus  explained."  I 
think  I  am  not  the  only  reader  of  this  Magazinb  who  would  wish  to 
be  similarly  satisfied.  The  members  of  the  Scottish  Survey  are,  I 
believe,  unanimous  in  accepting  the  moraine  profonde  theory ;  those 
of  the  English  Survey,  who  are  now  mapping  the  Drifts  of  East 
Anglia,  cure  mostly  inclined  to  the  hypothesis  of  the  marine  or  sub- 
littoral  formation  of  Boulder-clay. 

It  is  worthy  of  note  that  these  two  theories  lead  to  entirely 
opposite  conclusions  regarding  the  periods  of  elevation  and  sub- 
mergence. According  to  one  set  of  observers  the  land  is  high  and 
elevated  at  the  very  same  time  when  the  others  believe  it  to  have 
been  low  or  submerged. 

Must  we  ever  thus  agree  to  differ,  and  is  there  no  possibility  of  a 
middle  course  being  found,  in  which  we  may  sail  safely  between  the 
dangers  of  icebergs  on  the  one  hand  and  ground  moraines  on  the 
other  ?  I  for  one  am  quite  willing  to  be  partially  if  not  entirely 
converted,  but  I  am  still  in  the  sea  of  difficulties. 

If  Dr.  Geikie  favours  me  with  any  reply  to  the  above  remarks, 
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will  he  be  good  enough  to  say  whether  he  conoeives  the  moraine 
profonde  was  or  was  not  frozen  into  the  base  of,  the  ioe,  and  if  so 
frozen  as  to  move  with  it,  what  caused  the  moraine  to  be  separated 
and  left  behind  at  any  point  during  its  descent 

V. — Paljboktolooioal    Notbs. 

By  R.  Ethbbidoi,  jun.,  F.G.S. 

(Continiied  from  p.  119.) 

1.  AaBUSOULiTES  ABGBNTXA,  P.  Murray  (Edinb.  N.  Phil.  Joum. 
1831,  vol.  xi.  p.  147). — Under  the  title,  "Account  of  the  ArbuS" 
eidiles  argentea,  from  the  Carboniferous  Limestone  of  Inverteil, 
near  to  Kirkcaldy,  in  Fifeshire,"  a  curious  paper  was  published  in 
1831,  by  Dr.  P.  Murray,  of  Scarborough.  The  organisms  are 
described  as  "very  delicate  vermiform  bodies,  in  fragments  of 
different  lengths,  cdiining  with  metallic  lustre,  neither  articulated 
nor  cellular,  and  resembling  broken  bits  of  silver  wire."  The 
author  adds,  "  It  would  appear  to  have  been  an  attached  Mollusc, 
dichotomo'us  at  first,  but  afterwards  sending  out  lateral  branches, 
moderately  tapering,  and  with  very  distant  and  obscure  (if  any) 
articulations,  grooved  longitudinally,  and  composed  of  a  bright 
silvery  cortical  ease,  and  a  solid  axis  of  carbonate  of  lime.  ...  It 
differs  decidedly  from  the  Orinoidal  animals,  which  are  regularly 
articulated ;  and  varies  nearly  in  the  same  degree  from  the  Coral- 
lines, etc.,  by  not  displaying  the  cellular  structure  characteristic  of 
that  family."  Dr.  Murray  ultimately  places  this  fossil  amongst  the 
Corallines,  selecting  for  it  a  provisional  resting-place  in  the  third 
order  of  the  first  class  of  Lamouroux. 

Amongst  the  many  fossils  I  have  seen  from  Inverteil  I  have  never 
been  able  to  recognize  any  body  which  would  answer  to  Dr.  Murray's 
description  and  figure  of  Arbuseulites  argentea,  and,  so  far  as  I  am 
aware,  it  has  been  entirely  lost  sight  of  by  all  subsequent  writers. 
I  shall  be  glad  if  any  of  my  fellow-workers  in  Carboniferous  Palseon- 
tology,  by  a  study  of  the  original  article,  can  throw  any  light  upon 
this  obscure  fossil.  According  to  Dr.  Murray's  description,  the 
want  of  articulations  and  dichotomous  nature  separate  it  from  the 
Crinoidea.  It  may  be  some  form  of  Polyzoa,  but  the  absence  of 
cells  renders  it  doubtful.  The  figure  given  by  Dr.  Murray  at  once 
shows  that  the  fossil  cannot  be  the  tubes  of  Annelida.  The  descrip- 
tion, "resembling  broken  bits  of  silver  wire,"  accords  better,  so 
far  as  my  knowledge  of  Carbonifdrous  organisms  goes,  with  the 
long  spines  of  Produeti;  but  in  this  reference  we  are  again  con- 
fronted with  the  dichotoipous  nature  of  the  fragments. 

2.  IcHTHTOLiTHUS  Clackmaiinknsis,  Meming  (Edinb.  N.  Phil. 
Joum.  1863,  vol.  xix.  p.  814,  t  4).— The  ifact  that  Prof.  Fleming 
was  one  of  the  earliest  observers,  although  apparently  subsequent 
to  Agassiz,  to  describe  the  well-known  Carboniferous  fish  Mega- 
lichihys  Eibberti^  appears  to  have  been  generally  overlooked.  His 
paper,  "Notice  of  the  Bemains  of  a  Fish  found  connected  with 
a  Bed  of  Coal  at  Clackmannan,"  and  published  in  1835,  makes  it 
quite  clear  that  Dr.  Fleming  was  perfectly  well  acquainted  with  tb\% 
fish  under  the  above  name,  obtained  "  in  &e  oo\)x^  Oii  \!si^  mYcckM^ 
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operations  of  the  Devon  Iron  Company,  and  in  the  neighhourhood 
of  their  works."  The  specimen  consisted  of  a  portion  of  an  indi- 
vidual exhibiting  both  sides  of  the  body,  wiUi  a  large  number 
of  scales  in  position,  which  were  recognized  by  Dr.  Fleming  as 
"the  scales  of  a  fish."  The  specimen,  when  slit  horizontally, 
exhibited  the  remains  of  the  vertebral  column.  Upon  my  calling 
the  attention  of  Dr.  B.  H.  Traquair  to  this  paper,  he  at  once 
recognized  in  the  figures  an  unlabelled  specimen  of  JIf.  Htbberti  in 
the  Museum  of  Science  and  Art,  Edinburgh,  but  which  he  had 
long  surmised  formed  a  portion  of  the  *'  Fleming  Ck)llection,"  de- 
posited in  that  institution.  The  genus  Megalichikys  had  been 
established  previously  by  Prof.  Agassiz  (Brit.  Assoc.  Heport  for  1834, 
p.  448),  and  the  species  M.  Hibherti  indicated  in  a  foot-note  attached 
to  the  paper  in  question,  "  On  the  Fossil  Fishes  of  Scotland." 

3.  CoBBULA  LmosA,  Fleming  (Brit.  Animals,  1828,  p.  426). — ^The 
type  specimens  of  this  species  are  preserved  in  the  *'  Fleming 
Collection,"  Museum  of  Science  and  Art,  Edinburgh,  and  are  from 
"  slate-day  connected  with  Carboniferous  Limestone."  (7.  laminosa 
appears  to  have  been  entirely  lost  sight  of  by  subsequent  writers, 
except  Prof.  Morris  (Cat.  Brit  Foss.,  second  ed,  1854,  p.  195).  I 
am  at  present  in  doubt  as  to  the  true  generic  relations  of  the  species, 
but  it  is  not  unlikely  that  it  may  prove  to  be  a  Sehizodusy  or  closely 
allied  genus.    It  has  the  anteriorly  incurved  beaks  of  the  former. 

4.  Yeneritpis  Lyslli,  Fleming  (MS.). — There  is  also  in  the 
above  collection  a  very  fine  Carboniferous  bivalve  bearing  a  label 
with  the  above  name.  So  far  as  I  know.  Prof.  Fleming  did  not 
publish  a  description  of  it,  and  I  do  not  find  it  mentioned  in  any 
list.  It  is  a  large  Edmondiform  shell,  apparently  near  Edmondia 
rudis,  M'Coy;  K  gihbosa,  M*Coy;  E,  quadrata,  M*Coy,  or  E. 
ohhnga,  M^Coy.     I  hope  to  describe  it  fully. 

5.  Pleurotomarta  humilis,  de  Eoninck  (Foss.  Pal.  Nouv.  Galles 
du  Sud,  1877,  pt.  3,  p.  326,  t.  23,  f.  14).— A  new  form  of  Pleuro- 
tomarta was  shown  me  by  Mr.  John  Henderson  (Edinb.  QeoL  Soc.), 
obtained  by  him  at  the  Gilmerton  Quarry,  near  Edinburgh.  Upon 
forwarding  it  to  Prof,  de  Eoninck,  the  latter  was  kind  enough  to 
inform  me  it  was  his  P.  humilis,  a  new  form  then  in  course  of 
description  from  the  Rev.  W.  B.  Clarke's  collection  of  N.  S.  Wales 
Carboniferous  fossils.  It  has  since  been  published  in  the  above 
work.  The  discovery  of  this  species  by  Mr.  Henderson  in  our 
Lower  Carboniferous  Limestone  Group  is  a  feet  worthy  of  record. 

6.  AsconiCTTON  stellatum,  Nicholson  and  Etheridge,  jun.  (Ann. 
Nat.  Hist  1877,  vol.  xx.  p.  464, 1. 19,  f.  1-6).— The  British  species 
of  this  provisional  genus  was  A.  radiatum,  N.  and  E.  Evidence  has 
now  been  obtained  by  Mr.  J.  Bennie,  which  will  probably  indicate 
A.  stellatum^  N.  and  E.,  also  as  British.  A  fragment  of  a  Crinoidal 
stem  has  scattered  over  it  a  number  of  vesicles  united  by  creeping 
stolons  or  fibres,  so  closely  resembling  those  figured  by  Prof. 
Nicholson  and  myself  as  the  oval  young  (?)  vesicles  of  this  species, 
that  I  see  no  reason,  so  far  as  the  evidence  at  my  command  goes,  to 
doubt  the  identity  of  the  forms. 
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VI. — On  thx  Cobrelation  of  ths  Lowkb  Hsldkbberg  Group  of 

New  Yobk. 

By  C.  Callaway,  M.A.,  B.Sc.,  P.G.8. 

1  PROPOSE  in  this  paper  to  give  the  evidences  for  the  strati- 
graphical  position  of  this  interesting  group,  both  because  the 
task,  so  far  as  I  am  aware,  has  not  been  attempted  in  detail,  and 
because  American  geologists  themselves  are  not  altogether  agreed  on 
the  subject,  some  maintaining  the  equivalence  of  the  group  with  our 
Ludlow,  while  there  cure  a  few  who  regard  it  as  an  easterly  exten- 
sion of  the  Niagara  series  of  Western  New  York.  Having  had  an 
extensive  practical  acquaintance  with  the  fossils  of  New  York,  in 
the  State  Museum,  and  having  supplemented  cabinet  study  by  work 
in  the  field,  I  venture  to  hope  that  I  may  be  able  to  determine  the 
question  to  the  satisfaction  of  geologists. 

1.  Sketch  of  the  group  in  the  typical  area  in  New  York, — The  Hel- 
derberg Mountains  form  a  low  range  striking  in  a  comparatively 
straight  line  irom  the  valley  of  the  Hudson  south  of  Albany  on  the 
east  through  Albany  county  to  Schoharie  county  on  the  west. 
They  present  a  steep  escarpment  to  the  north,  overlooking  the 
Mohawk,  a  western  tributary  of  the  Hudson.  To  the  south,  the 
ground  gradually  slopes  downwards  for  several  miles,  then  rises 
more  abruptly  into  the  bold  masses  of  the  Catskills.  The  base  of 
the  Helderberg  escarpment  generally  rests  upon  the  unconformable 
beds  of  the  Hudson  River  group.  The  escarpment  itself  mainly  con- 
sists of  limestones  of  Lower  and  Upper  Helderberg  age,  with  a  thin 
basement  of  Clinton  and  Niagara  rocks,  and  a  considerable  capping 
of  arenaceous  shales  of  the  Hamilton  group.  The  following  cut 
represents  the  section  from  the  valley  uf  the  Mohawk  on  the  north 
to  the  Catskills  on  the  south. 

Sbction  1. 

Mohawk  B.  Helderberg  Mto.  Cfttskill  Mto. 


N 


a  ss  Hpdson  RiTer  groap.  d  =5  Lower  Helderberg  group. 

b = Clinton  shales.  e  s  Upper  ditto  (Lower  De voniai 

<?= Niagara  Limestone.  /=  Middle  and  Upper  Devonian. 


The  above  section  shows  the  relation  of  the  Lower  Helderberg 
to  the  formations  above  and  below.  The  next  is  on  a  larger  scale, 
and  is  designed  to  display  the  subdivisions  of  the  group.  The  section 
is  taken  through  the  escarpment  overlooking  the  village  of  Schoharie, 
to  the  south-west  of  Albany. 

Ascending  the  escarpment  from  Schoharie,  we  find  at  its  base  a 
thin  bed  of  greenish  shale  charged  with  iron  pyrites,  the  probable 
easterly  attenuation  of  the  Clinton  (Upper  Llandovery)  series.    Form- 
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ing  a  thin  oomice  overhanging  the  shale  are  a  few  feet  of  coralline 
limestone,  the  meagre  representative  of  the  Niagara  (Wenlock)  group 
of  Western  New  York.  We  next  come  to  the  Water-lime  rock,  so 
named  from  its  use  for  hydraulic  cement,  a  dolomite  rendered  impure 

Sbction  2. 


a  =  Hadson  Biver  group, 
^s  Clinton  shales. 
e = Niagara  Limestone. 
«i  c=  Water-lime  group  (Onondaga  Salt 
group). 


rf= Lower  Helderberg  group : — 

</i  sTentaculite  Omestone. 

if' = Lower  Pentamenu  Limestone. 

</'=Delthyris  Shaly  Limestone. 

if^s  Upper  Pentamenis  Limestone. 
e = Upper  Helderberg  group, 
/s  Hamilton  group. 

by  silica,  alumina,  and  iron  peroxide.  It  represents  the  great  saline 
series  of  Onondaga  county,  the  Onondaga  Salt  group,  the  equivalent 
of  the  upper  part  of  our  Wenlock  series.  Next  in  order  we  have  the 
four  members  of  the  Lower  Helderbei^.  First,  a  thin  band  of  a 
clinking  limestone  full  of  a  Tentaculite,  the  Tentaculite  Limestone. 
Then  comes  the  Lower  Pentamerus  Limestone,  a  massive  thick-bedded 
series,  50  feet  in  thickness,  characterized  by  the  abundance  of  Penta- 
merm  galeatus.  The  preceding  limestone  beds  form  a  bold  escarp- 
ment, in  some  places  falling  down  in  a  vertical  precipice.  Overlying 
the  Lower  Pentamerus  Limestone  is  the  Catskill  or  Delthyris  Shaly 
Limestone,  a  calcareous  shale  with  impure  thin-bedded  limestones. 
Being  much  softer  than  the  limestones  above  and  below,  this  shale  is 
hollowed  out,  and  forms  a  gentle  slope  rising  up  to  the  fourth  sub- 
division, the  Upper  Pentamerus  Limestone,  a  thin  band  which  over- 
hangs the  shaly  beds  in  a  well-marked  cornice.  It  is  characterized 
by  the  abundance  of  another  species  of  Pentamenu,  P.  pseudogaieatus, 
The  different  members  of  the  Upper  Helderberg  succeed,  capped  by 
the  Comiferous  Limestone.  A  profile  of  the  hill  thus  shows  three 
bold  steps  or  terraces  formed  respectively  by  the  Lower  Pentamerus, 
the  Upper  Pentamerus,  and  the  Comiferous  Limestones.  With  the 
last  of  these  we  have  not  here  to  deal. 

2.  Stratigraphical  evidence. — Some  American  geologists  have  main- 
tained that  the  Lower  Helderberg  group  is  the  easterly  extension  of 
the  Niagara  series  of  Western  New  York,  the  equivalent  of  our 
Wenlock.  'Hiis  identification  appears  to  be  based  upon  certain  palce- 
ontological  resemblances  between  the  two  formations,  which  I  shall 
discuss  farther  on.  It  has  probably  received  support  from  the  fact 
that  both  the  Niagara  of  Western  New  York  and  the  Lower  Helder- 
berg of  the  Eastern  end  of  the  State  hold  a  similar  relation  to  the 
irverlying  Upper  Helderberg  Limestone.    In  the  Helderberg  range 
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the  Lower  Helderherg  group  occupies  the  chief  space  hetween  the 
Cambro-Silurian  and  the  Upper  Helderherg,  and  this  holds  good  also 
of  the  Niagara  group  in  the  west  The  following  section  will  explain 
this  misconception,  and  at  the  same  time  show  the  true  relation  of 
the  deposits  in  question. 

Section  3. 
Eastern  New  York.  Western  New  York. 


7.  Upper  Helderherg  Group.  3.  Clinton  Group. 

6.  Lower         do.        do.  2.  Medina  Sandstone. 

6.  Water-lime  Group.  1.  Hudson  River  Group. 
4.  Niagara          „ 

This  section  is  about  200  miles  from  east  to  west.  Being  drawn 
from  memory,  it  does  not  pretend  to  be  an  accurate  representation  of 
the  comparative  thickness  of  the  beds.  It  shows  the  relations  of  the 
groups,  with  an  approximation  to  the  thickness,  which  is  all  my 
purpose  requires.  It  will  be  seen  that  the  Hudson  Biver  shales  and 
slates  form  the  basis  of  the  whole  succession.  The  Medina  Sand- 
stone is  a  considerable  formation  on  the  Niagara  and  Genesee  Bivers, 
but  thins  out  towards  the  middle  of  the  State.  The  Clinton  Lime- 
stone and  Shales  are  in  force  in  the  same  localities,  but  to  the  east, 
in  the  Helderbergs,  it  has  thinned  out  to  a  shale  of  seven  or  eight 
feet  in  thickness.  The  Niagara  Limestone  and  Shale  thin  out  in  the 
same  direction,  and  are  represented  at  Schoharie  by  two  or  three  feet 
of  coralline  limestone.  The  Saliferous  or  Water-lime  group  is  per- 
sistent in  varying  thickness  from  west  to  east  The  succeeding 
Lower  Helderherg  rocks,  however,  are  the  converse  of  the  preceding ; 
and,  from  a  thickness  of  over  200  feet  in  the  east,  thin  out  entirely 
towards  the  western  side  of  the  State.  The  limestone  capping  of  the 
Upper  Helderherg  series  extends  in  an  unbroken  band  from  east  to 
west,  overlapping  the  Lower  Helderherg  on  to  the  Water-lime,  and, 
beyond  the  western  boundaries  of  the  State,  overlapping  the  Water- 
lime  on  to  the  Niagara  Limestone  itself  This  section,  if  accurate, 
decides  the  question ;  and  of  its  accuracy  I  have  no  doubt  I  have 
made  numerous  traverses  across  it  in  both  eastern  and  western  New 
York.  I  have,  furthermore,  the  unimpeachable  testimony  of  Professor 
James  Hall  to  the  effect  that  he  hais  traced  the  sevend  formations 
from  east  to  west,  and  he  has  assured  me  in  repeated  conversations 
that  the  section  is  substantially  as  I  have  represented  it.  The  Lower 
Helderherg  group,  therefore,  dearly  overlies  rocks  of  the  Niagara 
period.  It  is  also  distinctly  separated  from  the  Niagara  by  the  charac- 
ter of  its  fauna.  The  only  species  known  to  me  as  common  to  the 
two  formations  are  Atrypa  reticularia  and  Strophomena  rhomboidaUa. 
Of  these  A.  reiictUaria  ranges  from  Middle  Silurian  to  the  Carbon- 
iferous, and  S,  rhomboidalia  from  Lower  Silurian  to  the  Carboniferous, 
so  that  their  testimony  does  not  in  the  slightest  degree  militate  against 
my  position.    This  evidence  is  very  decisive,  when  we  remember  that 
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the  two  formations  oompared  are  similar  in  liiholog^oal  oomposition, 
both  being  composed  of  limestones  and  oaloareons  shales ;  and  tliat 
both  were  deposited  in  the  same  area.  The  diflferenoe  in  the  facies 
of  the  fauna  is  not,  howerer,  so  marked  as  to  indicate  a  very  wide 
break  in  time.  There  is  a  like  abundance  of  the  genus  PZdiyesroa. 
Many  species  of  Trilobites  and  Braohiopods  are  sinular,  especially  in 
the  genus  DalmaTMiia  amongst  the  former,  and  in  the  genera  Rkpicho- 
ndla,  Meristella,  Spirifera,  LeptoccBlia,  Orthis,  and  Sirophomena  (Strep- 
torhyneuB),  amongst  the  latter.  Towards  the  close  of  the  Niagara 
period,  there  was  an  upheaval  of  the  sea-bottom  with  the  formation 
of  Salinas  and  the  deposition  of  dolomite.  In  the  subsequent  de- 
pression towards  the  east,  the  Lower  Helderberg  beds  were  deposited. 
The  difference  between  the  two  faunas  is  just  what  we  should  expect 
from  this  change  of  oonditions  and  lapse  of  time. 

3.  FalaoniologiccU  evidence. — ^I  have  endeavoured  to  show  that  the 
Lower  Helderberg  group  overlies,  and  is  distinct  in  its  &una  from, 
the  Niagara  rocks.  The  latter  group  is  the  undoubted  equivalent  of 
the  Wenlock  series,  so  that  on  stratigraphical  grounds  the  Lower 
Helderberg  would  appear  to  be  on  the  horison  of  our  Ludlow 
rocks. 

A  preliminary  difficulty  must  be  first  discussed.  There  are  certain 
fossils,  or  groups  of  fossils,  which  confuse  the  general  evidence  of 
the  respective  faunas.  The  Lower  Pentamerus  Limestone  derives 
its  name  from  the  great  abundance  of  PentameruB  galeatus.  In 
Britain  this  form  is  common  in  the  Wenlock,  and  occurs  less 
abundantly  in  the  Lower  and  Middle  Ludlow.  It  is  also  described 
by  De  Vemeuil  from  supposed  Devonian  limestone  in  the  South 
Urals.  As  it  is  found  at  a  lower  horizon  in  Britain  than  in  America, 
Professor  Hall  has  intimated  great  doubt  of  the  correctness  of  the 
British  identification ;  but  as  I  have  myself  collected  the  species  in 
Wenlock  Limestone  quarries  near  Wenlock,  I  am  bound  to  maintain 
that  it  is  a  Wenlock  species.  The  supposed  difficulty  is  easily 
removed  on  the  hypothesis  of  an  east  to  west  migration.  A  much 
more  serious  objection  to  the  Ludlow  age  of  the  Lower  Helderberg 
is  the  following.  In  the  Ludlow  we  have  an  abundant  lamelli- 
branchiate  fauna,  the  genera  Ptertnea,  Cypricardinia,  and  Gontophora 
being  especially  characteristic.  This  assemblage  does  not  occur  in 
the  Lower  Helderberg,  but  in  the  Hamilton  group  it  is  represented 
by  many  of  the  same  genera,  and  by  numerous  allied  species.  In 
other  respects,  the  facies  of  the  Hamilton  fauna  is  decidedly  De- 
vonian. The  following  analysis  of  the  principal  genera  and  species 
will  set  this  in  a  sufficiently  clear  light  I  give  only  those  which 
are  of  value  for  our  purpose  :  — 

Plantje. — CfTulopterif,  Paaronirm,  Lepidodmdron^  and  SigxUaria  are  qaoted  from 

the  Hamilton  rocks  of  Pennsylvania  and  New  York. 
Antrozoa. — Ihliophyllum  HallifEdw.  (yery  common).  Quoted  in  Morris's  British 

Fossils  under  the  name  of  Strep hodes  helianthotdeSy  Goldf.,  from  the  Devonian 

Limestone  of  Devonshire  and  the  Eifel. 
Brachiopoda. — Crania  HamilionicBy  Hall.     Said  by  Hall  to  resemble  C.  obtoUta^ 

Goldf.,  from  the  Eifel. 
Orthis  Vanuxemiy  Hall,  0.  Uuronia,  Hall,  0.  Penelope^  Hall.    All  of  these  closely 

resemble  0,  Michelini,  LeveillS,  a  Carboniferous  form. 
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O.  TkiUitmniy  Yannxeiii.    Of  the  ^rpe  of  0.  resupimUOj  Hartiii,  of  our  Deronian 

and  Carboniferoiif . 
Streptorhynekm  Ckemungensit,  Conrad.  Similar  to  S.  ereniitria,  Fhil.,  of  the  Enro- 

pean  Devonian  and  Carboniferons. 
8ir9pk»d(mta  HttquiHriatOy  Gonr.    At  one  time  identified  by  Hall  with  Orthis 

mUrstruUi§f  FhiX.,  and  now  doubtfolly  separated.      0,  (?)  mUr%triaU»  iB  a 

BeTooian  fonil. 
8.  naerm^  Hall,  almost  identical  with  8.  lepis,  Bronn.    Deronian. 
ProdueUiUif  ftOL    Species  nnmeroas.    This  genus  is  essentially  a  Ptodueto^  differ- 

iig  from  it  only  in  the  possession  of  inoonspionons  hinge-teeth  and  sockets. 

FrodueU  is  characteristicailly  a  Carboniferous  genns. 
C^inu  SamUiotrntsitj  HalL    Closely  allied  to  C.  hsUroeliia,  Defr.,  of  the  De- 
ronian limestone  of  Europe. 
Athyrit  tpiriftroidet^  Eaton.    Barely  aepamble  from  A.  amemtrica^  von  Bach,  an 

Upper  Deronian  foasil. 
Airipm  atptrUf  SchloL    A  common  Eimmean  DcTonian  form. 
RhffnehomUm  venuBtuta^  Hall.    Identifiea  by  Conrad  with  J2.  euMtUtt  Sow.,  one 

of  onr  common  DoYonian  species ;  bnt  separated  by  Hall  for  some  very  dight 

differenoes. 
CxFHALOPODA. — Several  spedes  of  OomiatiUt  have  been  found  in  the  Karcellus 

Shale,  tiie  base  of  the  Hamilton  jnronn. 
C&vsTACBA. — Phaeopt  rana,  Green.    Closely  representatiye  of  P.  latifronaf  Bronn,  of 

tiie  British  and  Continental  Devonian  rocu. 

I  rely  less,  howeyer,  npon  individual  species  than  upon  the 
general  facies  of  the  fauna,  and  the  relative  proportions  of  the 
numbers  of  the  genera  and  species.  In  collecting  in  Western 
New  York,  and  in  reviewing  and  arranging  large  series  of  speci- 
mens in  the  New  York  State  Museum,  the  forms  which  were 
everywhere  taming  up  were  Spirifera,  ChoneteSy  Slrophodontaf  Airypa, 
Cyriina,  and  these  of  Devonian  or  even  Carboniferous  facies.  The 
genus  Producteiia  is  also  very  significant  Of  species  the  most 
abundant  are  OrtJUs  Vanuxem,  Strophodonta  inaquigtriata,  Spirifera 
mueroncUa,  Aihyris  spiriferoideSj  Atrypa  aapera,  Cyrtina  Hamiltonensis, 
Heiiophyllum  HodU,  and  JPhacops  rana,  all  of  them  represented  by 
identical  or  closely  allied  forms  in  European  Devonian  or  Carboni- 
ferous rocks.  On  the  other  hand,  the  Ludlow-like  Lamellibranchs 
are  comparatively  rare. 

The  formations  underlying  the  Hamilton  must  also  be  taken  into 
account  In  the  Schoharie  &rit,  fishes  make  their  first  appearance ; 
and,  in  the  later  epoch  of  the  Upper  Helderberg  Limestone,  this 
class  is  abundantly  represented.  The  types  are  clearly  those  of  the 
European  Old  Bed  Sandstone.  Macropetcdiehthys  reaemhlea  Pterichthys. 
Forms  like  CephdoBpU  and  Hok^tychius  also  occur.  Of  plants, 
Cavlopteris  is  found  in  marine  limestones  below  the  Hamilton  group 
in  Ohio,  and  Lepidodendron  is  quoted  by  Professor  Newberry  from 
the  same  limestone.  Generally  spdaking,  the  fauna  of  the  Upper 
Helderbeig  is  intermediate  in  character  between  the  underlying 
Lower  Helderberg  and  the  overlying  Hamilton. 

The  general  testimony  of  the  fossils  is  clearly  in  favour  of  the 
Devonian  age  of  the  Hamilton  group,  and  the  exceptional  character 
of  the  lamellibranchiate  fauna  is  probably  to  be  explained  on  the 
supposition  that  certain  causes,  biological  or  otherwise,  retarded  the 
migration  of  the  European  Ludlow  Conchifera  to  the  western  seas. 
Their  ocoarrence  in  the  Hamilton  would  hardly  seem  to  be  sufi&cient 
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ground  for  extending  the  Ludlow  upwards  so  as  to  include  tlie 
Hamilton  group,  as  some  American  geologists  are  disposed  to  do. 

The  formation  underlying  the  Lower  Helderberg  being  the 
equivalent  of  the  Wenlock,  and  the  formations  overlying  being 
dearly  correlated  with  our  Devonian,  it  is  fair  to  conclude  that  the 
Lower  Helderberg  group  represents  our  Ludlow. 

A  comparison  of  the  Ludlow  and  Lower  Helderberg  faunas  will 
not  supply  us  with  additional  evidence  of  a  very  decisive  character. 
Putting  on  one  side  the  exceptional  case  of  the  Conchifera,  the 
Ludlow  fauna  has  no  close  resemblance  to  any  American  formation. 
Of  individual  species,  we  may  compare  JPhacopa  (Dcdmannta)  longt- 
caudatua  with  tlie  much  larger  Dalmanma  wuuta,  lUiynehonella 
Wilsoni  with  B.  verUrtcosaf  and  Strophomena  evgli/pha  with  S.  ptmc- 
tuUfera.  In  the  Aymestry  Limestone  near  Broseley,  I  have  also 
detected  Orthis  plano-convexa  of  the  Lower  Helderberg.  But  of  the 
numerous  Cephalopoda  of  our  Lower  Ludlow,  we  have  few,  or  no, 
representatives  in  the  American  area.  On  the  whole,  the  Lower 
Helderberg  fauna  resembles  that  of  the  Niagara  series  of  New  York 
more  closely  than  it  resembles  that  of  the  British  Ludlow.  The 
explanation  of  this  is  not  far  to  seek.  At  the  close  of  the  Niagara 
period,  the  sea  shallowed,  and  salt  lakes  were  formed.  But  this 
elevation  was  followed  by  a  marine  epoch,  durmg  which  the  Niagara 
fauna,  driven  into  adjacent  seas  by  this  local  upheaval,  would  return 
to  their  old  habitat,  modified  in  form  to  such  a  degree  as  we  might 
expect  from  the  interval  of  time  represented  by  the  Salina  period. 
The  Lower  Helderberg  corals  and  molluscs  flourished  in  the  same 
area  as,  and  on  a  similar  sea-bottom  to,  the  Niagara  fauna.  But  in 
the  British  area  the  conditions  were  different  During  the  Ludlow 
period,  the  sea  was  gradually  shallowing,  so  that  towards  its  close 
the  proximity  of  land  is  indicated  by  arenaceous  strata  and  the 
presence  of  land-plants,  and  of  fishes,  as  Pteraspis,  which  probably 
inhabited  fresh- water.  A  change  from  a  calcareous  to  a  sandy  sea- 
bottom,  and  from  marine  to  land  and  fresh-water  conditions,  would 
produce  a  change  in  the  fauna  much  more  rapidly  than  a  mere  lapse 
of  time.  In  the  New  York  area,  terrestrial  conditions  do  not  set  in 
till  the  Hamilton  period,  and,  with  the  coming  in  of  a  sediment 
similar  to  the  Upper  Ludlow  rock,  we  have  the  advent  of  the 
Ludlow  Lamellibranchs.  But  where  the  Hamilton  rocks  lose  their 
arenaceous  character,  and  pass  into  calcareous  strata,  as  in  Western 
New  York,  the  Lamellibranchs  grow  scarce,  and  the  prevailing 
forms  of  life  are  Brachiopoda  and  Corals  of  Devonian  types. 

In  correlating  rock  systems,  the  work  is  comparatively  easy  when 
the  physical  conditions  under  which  their  faunas  flouiished  were 
similar.  We  can  compare  arenaceous  Coal-measures  in  Europe  with 
arenaceous  Coal-measures  in  America;  or  a  calcareous  Wenlock  with 
a  calcareous  Niagara,  and  our  conclusions  are  clear  and  satisfactorj'. 
But  changes  in  sediment,  and  other  physical  causes,  introduce  great 
complexity  into  the  evidence.  I  do  not,  however,  despair  of  obtaining 
true  results  when,  as  in  the  above  case,  we  know  the  formations 
bove  and  below  the  groups  which  we  wish  to  correlate.    Our  base- 
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line,  a  oaloareons  Wenlock-Niagara  Series,  is  clear.  A  second 
level,  a  calcareous  Hamilton-Devonian,  is  also  reasonably  distinct. 
The  intermediate  zone,  the  psdsdontological  evidence  of  which  is 
confused  by  differences  of  physical  conditions,  may  fairly  be  inferred 
to  hold  a  middle  place  between  Wenlock  and  Devonian.  If,  indeed, 
there  is  no  Devonian,  as  some  have  suggested,  my  argument  will 
require  to  be  remodelled ;  but  it  is  difficult  to  study  the  magnificent 
series  which  intervenes  between  true  Silurian  and  true  Carboniferous 
in  New  York  and  Pennsylvania,  and  to  come  away  with  the  con- 
clusion that  it  is  a  mere  base  to  the  Carboniferous. 


VII. — On  the  Wealden  Entohostbaca. 
By  Prof.  T.  Bvfs&t  Jones,  F.E.S.,  F.G.S. 

I  SEND  as  a  Supplement  to  my  last  communication  the  subjoined 
Synoptical  view  of  the  species  of  Wealden  Entomostraca, 
treated  of  in  the  March  Number  of  the  Geol.  Mao.,  trusting  it 
may  prove  acceptable  to  both  collectors  and  systematists. 

Tabuultbd  Yixw  op  thb  Pusbbck-Wbalden  Entomostbaca  of  Enolakd,  as 

at  pkb8bnt  known. 

I. — From  the  Wealden  Beds  of  the  Southern  Counties. 

1.  CyprxdM  Vaidemis  (Sow.  and  Fitton).^    Sowerby's  <*Miii.  Conch.,"  pL  485, 

(Cyprii  /aba). 

2.  — ^-—  Autttm,  Jones.     In  Fitton*s  plate ;  **  Trans.   Geol.  Soc.,"  ser.   2, 

ToL  iT.  pL  21,  fig.  1 ;  Geol.  Mag.  Dec.  II.  Vol.  V.  p.  109, 110,  PL  III.  Fig.  8. 

3.  ?  tubereulaia  (Sow.).    Ibid,  p.  104, 106,  Pi.  III.  Figs.  2^,  e. 

4.  P  Fittoni  (Mantell).    Ibid.  p.  104,  PL  III.  Fig.  2a. 

6.  P  granuhta  (Sow.).    iWrf.  p.  104,  106,  PL  HI.  Fig.  4. 

6.  fpinigtra  (Sow.).    Ibid.  Fig.  3. 

n. — ^From  the  Neooomian  Freshwater  Sands  of  Shotover,  near 
Oxford. 

7.  Candona  Fhillipnana,  Jones.    Gbol.  Mao.  Dec.  II.  YoL  Y.  p.  108,  PL  III. 

Fig.  3. 

8.  OypridM  perruea$af  Jones.    Ibid,  Fig.  6-7. 
9. ,  yar.  erassoj  Ibid.  Fig.  4. 

10.  bitpinotay  Jones.    Ibid.  p.  109,  PL  III.  Fig.  9-10. 

11.  '  Valdmtii  (Sow.  and  Fitton).    Ibid.  Fig.  11. 

12.  Austmi,  Jones.    Ibid.  p.  109,  110,  PL  III.  Fig.  8. 

HL — ^From  the  Purbeck  Beds  of  the  Subwealden  Boring  in  Sussex. 

13.  Cypridea  Valdmni  (Sow.  and  Fitton).    Gbol.  Mao.  Dec.  II.  YoL  Y.  p.  110, 

PI.  ni.  Fig.  13-16. 

14.  granulota  (Dnnker).    Ibid.  Fig.  16. 

Besides  some  nndetermined  -specimens.    Ibid.  p.  110. 

lY. — ^From  the  Purbeck  Beds  of  Dorsetshire. 

a. — Uppbb  Pubbbok. 
16.  Cyprii  P  yibboiOf  £.  Forbes  (Hear  C.  tpiniyera,  Sow^ 

16.  P  tuberetdata,  £.  F.  (near  C.  tuberetdata,  Sow.) 

17.  P  UgumineUa,  E.  F. 

b. — MiDDLB  PuRBBCK. 

18.  Oyprif  P  siriatopunetata,  K  F.  (P  Fr.  A.  BSmer.) 

^  This  is  the  species  generally  referred  to  by  Dr.  Fitton  in  bis  Memoir,  but  not 
the  form  figured  oy  bim  in  his  plate. 
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19.  €f^pri$ffameulata,KV. 

20.  P  gramUtUtty  £.  F.  (P  C.  jpranulontf  Dimker.) 

e. — LOWBR  Pv&BBCK. 

21.  Cgpri*  f  F^beekMtiiy  E.  F. 

22.  fptmetata,  E.  F. 

These  are  flgored  in  Sir  C.  Lyell's  "  Manual  of  Geology/'  lee  Gbol.  Mao.  l.c.  p.  1 05. 

NOTB  Oir  THS  DlBT&IBTTTIGir  OF  THB  SpBCIBB. 

Not.  1, 11,  and  IS.  Vtrj  oommon  throughout  tht  Wealdeii  and  in  tome  Porbeek  beda ;  ako  in 

G«rmany. 
1  and  12.  Bather  rare.  Plgvred  by  Fitton  from  tome  nnmentioned  locality ;  Paaaemanh, 

Bnrrejr;  Shotorer. 
8  and  16,  Not  uncommon  in  the  Wealden  Beds.    In  the  Upper  Purbeck. 

4.  AcoompanieB  O.  tvbereulata  in  aome  plaoea. 

5.  Haatinga  beda  of  Boaaez ;  Purbeck  beda  of  South  Wilts. 

6.  Not  uncommon  in  the  Wealden  beda. 

7.  ShoioTer;  Obernkirthn,  Hanorur. 
8  and  9.  Bhotorer. 

10.  BhotoTcr. 
14  and  30 1  Subwealdea  Boring,  Suaaex ;  Hanorer ;  Middle  Portwok  of  Donet ! 

Addenda  el  Corrigenda. — At  page  101,  line  25,  add :  It  oocurs 
tbiooghout  a  bed  about  15  feet  thick,  and  is  very  ohaTacteristic  of 
the  zone.  At  p.  101,  add:  Esikeria  teneUa  (Jordan),  ''Monogr.  Foss. 
EstherisB,"  1862,  p.  81,  eta,  has  been  found  abundantly  by  the 
G^eologioal  Surveyors  of  Scotland  in 'the  Goal-measures  near  Airdrie; 
and,  in  one  instance  (at  Olenmavis  Bum),  it  constitutes  a  bituminous 
shale,  so  thickly  are  the  indiYidnals  massed  t(^ether.  From  Palaoe- 
craig,  near  Airdrie,  where  E.  teneUa  has  lately  been  obtained,  I 
remember  to  have  seen  specimens  of  a  much  larger  Esiheria,  since 
lost  At  p.  102,  line  16  from  bottom,  for  Fred,  read  Ferd.  At 
p.  105,  line  23,  for  on  read  in.  Line  82,  afler  figured  specimen, 
add:  =  Cypridea  Ausieni.  At  p.  109,  line  8  from  bottom,  add: 
Mr.  H.  Caudell  has  also  found  Cypridea  Valdensis  in  the  Ironstone 
of  Wheatley,  two  miles  S.E.  of  the  other  locality. 


iTOTiOES    o:f    fvr-R,ivroiB>s, 

I. — On  THB  Obaptolitb  Schists  op  Eonoslbna  in  Wbstbooothia, 
SwBDBN.*  By  Dr.  6.  Linnabsson,  Director  of  the  Qeological 
Survey  of  Sweden. 

IN  the  Upper  Graptolite  schists  of  Westrogothia  two  divisions  are 
recognizable — a  lower  division  characterized  by  Monogr.  lobiferua 
(M*Coy)  and  Bastrites  peregrinus  (Barr.) ;  and  a  hi^er  division 
characterized  by  MonograpL  priodon  (Bronn)  and  Betiolites  Oeinitz- 
ianus  (Barr.).  The  same  divisions,  well  separated,  appear  in  other 
parts  of  the  country,  and  Tomquist  has  already  proposed  for  them 
the  respective  titles  of  the  Lohiferus  Schists  and  Betiolites  Schuis.* 

Among  the  localities  in  Westrogothia  where  the  Upper  Graptolite 
Schist  is  most  accessible  is  Strommen  in  the  parish  of  Kongslena. 
These  schists,  as  well  as  the  immediately  underlying  strata,  the 
Brachiopod  Schists  and  the  Trinucleus  Schists,  are  locally  cut  into 
by  a  considerable  stream.      The  Lobiferus  Schist  is  here  a  black 

1  Abstract  of  a  paper  published  in  the  Oeologiska  Fdreningens  i  Stockholm  Fdr- 
handlingar,  1877,  Nr.  41 ;  Bd.  III.,  Nr.  13. 

>  Tdmqm&i,  OfTers.  af  K.  Yet.  Akad.  Forhandl.,  1876,  p.  67. 
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tbiDly  laminated  straight-oleaving  schist  crowded  with  Qraptdlites, 
which  appear  as  thin  shining  films  of  iron-pyritee.  It  rests  upon 
the  Brachiopod  Schists,  and  is  surmounted  by  a  grey  flag-like  rock, 
which  has  not  hitherto  yielded  fossils,  but  possibly  represents  the 
Betiolite$  Schtst. 

At  the  time  the  author  described  the  sequence  of  the  Silurian  rocks 
of  Westrogothia  some  years  ago,*  a  very  small  number  of  species 
only  had  been  detected  at  Eongslena.  In  the  summer  of  1876,  in  a 
fresh  visit  to  this  locality,  he  was  fortunately  able  to  add  greatly  to 
his  former  discoveries.  In  specific  richness  the  Lobiferus  Schist  at 
this  spot  now  exceeds  that  of  all  other  known  Swedish  localities. 
The  description  of  several  forms  which  appear  to  be  new  is  best 
deferred  till  more  and  better  material  has  been  obtained ;  and  the 
state  of  preservation  of  others  which  are  already  named  does  not 
admit  of  their  certain  identification.  The  following  list  is  therefore 
far  from  complete. 

Graptolites  from  the  Lobi/ems  Schist  of  Eongslena. 

Hattrite*  peregrinuSf  Barr. 
Biphgrapt.  palmem,  Barr. 
■     '  ■■   cfr.  modettui,  Lapw. 
■    ■   0om$ta^  Geinite. 
tamaritcuSf  Nich. 


Monograptua  lobif$ru$^  M*Coj. 

tafftttariuSf  His, 

'  SamUrmmij  Lapw. 

'       Sedgwickif  Poitlk. 

■^— ^ apiralitf  Geinitz. 

- — ' trtangviatut,  Harkn. 


Climaeogr.  r9etangtUar%$^  M'Coy. 


Schists  with  a  similar  fauna  occur  not  only  in  Westrogothia,  but 
in  many  other  districts  in  Sweden,  as  in  Dalame  and  Scania. 

In  the  island  of  Bomholm  it  is  probable  that  the  Loh^erm  Schist  is 
paralleled  by  the  lower  portion  of  the  graptolitiferous  schists  which 
are  denominated  by  Johnstrup'  the  Uppermost  Oraptolite  Schists. 
In  Norway  and  the  Russian  Baltic  Provinces  no  precise  equivalents 
of  the  Lobiferus  Schist  are  known.  It  is  not  improbable  that  beds  of 
the  same  age  may  exist  there,  but  if  so,  they  have  so  wholly  different 
a  facies  that  it  is  impossible  to  compare  them.  Very  different  how- 
ever is  their  correlation  with  the  Silurian  rocks  of  Britain.  If  we 
examine  a  list  of  the  fossils  of  the  latter,  we  recognize  almost  all  the 
above-mentioned  Oraptolites.  Notwithstanding  this,  however,  it 
was  formerly  impossible  to  parallel  the  Lobiferus  Schist  with  any 
special  portion  of  the  English  succession  as  arranged  by  Murchison. 
This  was  mainly  owing  to  the  circumstance  that  these  Graptolites 
had  not  been  discovered  in  the  districts  whence  Murchison  drew  the 
types  for  his  Silurian  system.  In  other  parts  of  the  country,  as  in 
the  Coniston  and  Moffat  Groups  of  the  Lake  District  and  the  South 
of  Scotland,  they  have  long  been  known ;  and  it  has  already  been 
shown  by  the  author'  that  these  include  equivalents  of  the  Upper 
Graptolite  Schists.  But  respecting  these,  and  the  other  British 
graptolitic  deposits  relatively  older,   we  have  always  had    very 

^  LinnarMon,  Om  Vestergotlands  Cambriska  ooh  SilnriBlca  aflagringar,  K.  Yet. 
Akad.  Hand.,  Bd.  8,  Nr.  2,  1869. 

*  Johnstmp,  Oyersigt  over  palsBozoiBke  Dannelser  paa  Bomholm,  Forh.  y.  d. 
Bkandinav.  Naturf.  lite,  sid  307. 

^  See,  for  example,  Linnarsson,  **  On  the  Vertical  Bange  of  Ghraptolites  in  Sweden,*' 
Geol.  Mao.  Dec.  II.  Vol.  III.  1876. 
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i«o<»rr«H^t  Uloaii,  In  the  Catalogue  of  the  Silnrian  Foesils  given  by 
Murt)hiaon  (Siluria,  4th  edition),  several  of  the  above-mentioned 
ftmniU  are  included,  Buoh  as  Monogr.  lohifenu  {=Beck{)  and  M.  stJLgU- 
liuiH$,  Ra$irUe$  pertgrinus  and  Diplogr.  cometcL,  but  all  are  placed 
\u\iWr  the  head  of  the  Llandeilo  formation.  In  his  description  of 
i\\t^  Hihirian  auooession  in  Westrogothia.  the  author  was  therefore 
iHUU|mllml  to  parallel  the  Upper  Graptolite  Schists  with  a  part  of 
Mun^idiiou*!  lilandeilo,  though  with  an  intimation  that  Murchison's 
HVHMi|(t^U)«»nt  niuat  somehow  have  been  erroneous,  in  thus  assigning 
i\\p\\\  a  »y»tematio  position  inferior  to  the  Chasmops  Limestone  and 
*IVImwoI«>u»  Hoititt,  which  of  all  Swedish  beds  most  nearly  resemble 
\\\^  (W«idoo»  and  actually  underlie  these  Upper  Oraptolite  Schists. 
\\\  \\\^  ll«t  \){  British  Graptolites  given  by  Nicholson  in  his  Mono- 
tfi'Ht^^^  \\^  iuohidea  many  of  the  Oraptolites  of  the  Lobiferus  Schist. 
ThtJi  luajiUrUy.  such  aa  Mi  lobiferus  and  sagittariuey  Baa,  peregrinus 
mui  IHfiiffts  latHanffNf ,  are  said  to  occur  both  in  the  Upper  Llandeilo 
Hud  iu  thi>  (%uradoc.  Diplo.  cometa  is  given  from  the  Upper  Llandeilo 
{\\K\y,  'IV  jmltfe  ftom  this,  the  Lobiferus  Schist  ought  best  to  be 
vH^m)ikHi>^l  with  the  transition  beds  between  the  Llandeilo  and 
OaradiHx  £ven  this,  however,  conflicts  with  the  above-mentioned 
fact  that  the  Lobiferus  Schist  reposes  upon  strata,  the  faona  of 
which  most  nearly  oorresponds  to  that  of  tlie  Caradoc. 

For  the  first  time,  through  Lapworth's  accurate  researdies  in  the 
South  of  Scotland,  has  the  Graptolite-bearing  series  in  Great  Britain 
been  developed  in  a  satisfactory  manner.     He  divides  the  richly 
graptolitic  Moffat  group  into  throe  parts— the  Lower  or  Glenkiln 
Sh^es,  the  Middle  or  Hartfell  Shales,  and  the  Upper  or  Birkhill  Shales 
^-of  the  fossils  of  which  he  gives  a  catalogue,'    According  to  this, 
we  find  that  the  Upper  Moffat  (Birkhill  Shales)  completely  parallel- 
izes with  the  Lobiferus  Schist.    Nearly  all  the  Graptolites  we  find  at 
Kongslena  are  found  in  the  Upper  Moffat,  and  none  of  them  are 
mentioned  from  either  of  the  underlying  divisions.      The   Middle 
Mo£&kt,  again,  is  the  equivalent  in  time  of  the  Schists  with  Dicrano- 
graptue  Clingani  and  Diplogr,  foUacenSt  which  occur  in  Scania,  as 
at  Fogelsang,  Josterup,  and  Jerrestad.    This  close  concordance  with 
the  Swedish  succession   shows   that  we  may,  without  doubt,  look 
upon  Lapworth's   classification    of  the  Scottish  series  as    being 
correct.     As  regards  the  systematic  relations  of  the  Scottish  rocks 
to  the  typical  English  series  again,  Lapworth  holds  totally  different 
views  ^m  those  of  preceding  authors.     In  the  Moffat  group,  for 
example  (which  Murchison  and  Nicholson — the  latter  at  least  in 
1872 — regard  wholly  as  Llandeilo),    Lapworth  considers  that  the 
Lower  Moffat  only  belongs  to  the  Llandeilo,  the  Middle  Moffat  to 
the  Caradoc  ;  while  of  the  Upper  Moffat  it  is  said  that  it  "  seems 
to  belong  almost  wholly  to  the  Lower  Llandovery."     This  last- 
mentioned  comparison  at  least  does  not  conflict  with  the  Swedish 
relations.     That  is  to  say,  in  several  of  the  rock  divisions,  which 

^  A  Monograph  of  the  British  Graptolitida,  Edin.  &  Lond.  1872,  p.  97,  et  seq. 
'  A  Catalogue  of  the  Western  Scottish  Fossils,  Glasgow,  1876,  p.  97,  et  seq. 
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precede  the  Lobiferus  Schist,  the  fauna  has  already  appeared,  which 
is  most  nearly  to  be  compared  with  that  of  the  Caradoc  group. 

In  the  North  of  England  again  we  meet  with  the  Graptolites  of 
the  Lobiferus  Schists  in  that  group  of  shaly  strata  called  the 
Ooniston  Mudstones.^  According  to  the  lists  of  their  fossils  given 
by  Harkness  and  Nicholson,  they  include  a  Trilobite  fauna  having  a 
thoroughly  Lower  Silurian  aspect,  and  which  can  best  be  compared 
with  that  of  the  Trinucleus  Schiefer.  Till  this  abnormal  relation- 
ship has  been  confirmed,  the  author  is  of  opinion  that  we  ought  to 
be  sdlowed  to  believe  that  some  mistake  has  been  committed. 

Several  of  the  fossils  of  the  Lobiferus  Schist,  such  as  M.  lobiferus, 
MOoy,  M.  spiratis,  Bastrites  peregrinus  and  Diplograpt,  palmeus,  are 
found  also  in  Bohemia,  partly  in  Barrande's  Etage  Eel,  and  partly 
in  the  Colonies  in  his  Etage  D.*  On  both  stratigraphical  and 
psdaeontological  evidences,  the  author  had  already  paralleled  the 
Lobiferus  Schists,  in  common  with  the  Upper  Graptolite  Schists, 
with  the  Etage  Eel.  Tomquist,  on  the  contrary,  has  suggested  that 
the  Upper  Graptolite  Schists  are  rather  contemporaneous  with  the 
Colonies.'  This  last  view  is  chiefly  founded  upon  the  supposed 
English  succession;  but  now,  since  this  has  been  more  accurately 
determined,  the  facts  give  force,  on  the  other  hand,  to  the  author's 
opinion.  It  was  formerly  supposed  that  the  fauna  which  characterized 
the  Swedish  Upper  Graptolite  Schists  belonged  to  the  Llandeilo  and 
Caradoc.  It  is  now  proved  that  they  belong  to  the  Middle  and 
Upper  Silurian  strata.  As  regards  the  equivalents  of  the  Lobiferus 
Schist — the  Birkhill  Shales  and  the  Coniston  Mudstones— -the  former 
are  believed  by  Lapworth  to  belong  to  the  Lower  Llandovery  ;  the 
latter  by  Harkness  and  Nicholson  to  the  Uppermost  Bala  or  Lowest 
Llandovery. 

The  Coniston  Flags,  which  in  their  strata  and  fossils  may  be  com- 
pared with  the  Bedolites  Schists,  are  now  regarded  by  English 
authors  as  an  Upper  Silurian  formation.  In  England,  therefore,  as 
well  as  in  Sweden  and  Bohemia,  these  special  Graptolite  faimas  thus 
stand  in  near  relation  to  the  Upper  Silurian  formations.  Their 
appearance  in  true  Lower  Silurian  formations  is,  on  the  contrary, 
peculiar  to  Bohemia.  The  Leptena  Limestone,  which  overlies  the 
Upper  Graptolite  Schists,  can  scarcely  be  mentioned  as  true  Lower 
Silurian ;  while  the  Brachiopod  Schist,  which  underlies  the  Lobiferus 
Schist,  has  already  a  far  greater  Upper  Silurian  aspect  than  even  the 
very  highest  strata  of  Barrande's  Etage  D.  These  last-mentioned 
beds  agree  nearest  with  the  lower  part  of  the  Trinucleus  Schists  of 
Sweden.  Naturally,  perfect  synchronism  between  the  Swedish 
Upper  Graptolite  Schists  and  the  Bohemian  Etage  Eel,  can  hardly 
be  said  to  be  actually  demonstrated.    They  are,  however,  at  any  rate, 

^  See,  for  example,  the  list  giyen  by  Harkness  and  Nicholson,  Qnart  Jonm.  Oeol. 

Soo.,  London,  toI.  xxxiii.  1877,  p.  473.  The  Coniston  Mndstones  are  not,  as  asserted 

by  these  authors,  e<imvident  to  tne  whole  of  the  Swedish  Upper  Oraptolite  Schists. 

llie  Betiolites  Schists  are  clearly  older  and  are  related  to  the  Coniston  Flags. 
'  Vids  Barrande,  Defense  des  Colonies,  1870,  toI.  iy.  p.  125.    „ 
'  Tornqnist,  Om  Siljanstraktens  paleozoiskas  formationsled,  Ofyers.  af  £.  Yet. 

Akad.  Forhandl.,  1874,  Nr.  4,  p.  24. 
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"komotaxeouif  and  for  the  present  nothing  ia  known  whioh  would  lead 
ns  to  suppose  that  one  was  older  than  the  other. 

It  has  long  been  the  general  opinion  that  the  Oraptolites  whioh 
charaoterize  Barrande's  Colonies  and  his  Etage  Eel,  had  originally 
their  home  in  the  N.  of  Europe,  and  that  from  thenoe  they  made 
excursions  into  the  Bohemian  basin.  In  their  earlier  migrations 
they  oould  not  find  complete  footing  there,  and  consequently  formed 
a  colony  which  soon  died  out.  Later,  viz.  at  the  time  of  the 
formation  of  Barrande's  Etage  Eel,  they  established  themselves 
in  permanent  occupation  of  the  Bohemian  basin. 

Formerly,  when  it  was  thought  that  the  Graptolites  of  the  Upper 
Oraptolite  Schists  were  co-existent  with  the  Trilobites  of  the  Tri- 
nucleus  Schists,  and  that  their  equivalent  English  Graptolite-bearing 
beds  belonged  to  the  Llandeilo  and  Caradoc,  such  a  view  was  very 
natural.  Now,  however,  the  better  insight  we  have  attained  of  the 
English  and  Swedish  succession  has  robbed  it  of  all  its  force.  There 
is  now  no  reason  to  believe  that  the  Oraptolites  which  inhabited 
Barrande's  Colonies  had  emigrated  from  the  ocean  of  the  north. 
Where  they  came  from  is,  at  least  for  the  present,  impossible  to 
determine ;  but  probably  the  Bohemian  Colonies  are  older  than  all 
the  Swedish  and  English  beds  in  whioh  the  same  fauna  is  found. 
Instead  of  the  emigration  having  taken  place  as  believed  hitherto, 
if  we  may  judge  from  the  facts  already  obtained,  it  would  rather 
have  taken  place  in  the  opposite  direction. — Gabl  Fate. 

IL — Pbof.  J.  WoLDRiOH — On  Pleistooens  Canid-b. 
(Imper.  Acad.  Vienna,  Meeting  April  4,  1878.) 
The  remains  found  in  the  Loess  of  Lower  Austria  and  in  the 
Caves  of  Franoonia,  Wiirttemberg,  and  Moravia  prove  the  family  of 
Canida  to  have  been  represented  in  Europe  during  the  '*  Diluvial " 
(Pleistocene)  period,  in  its  Lupine  or  Wolf  type  by  the  genera — 
Cyon  (2  species),  Lycorvs  (1  sp.).  Cam's  (1  sp.),  Lufus  (4  sp.) ;  and 
in  its  Vulpine  or  Fox  type  by  the  genera  —  Vtdpes  (4  sp.)  and 
Leucocyon  (1  sp.) :  altogetiier  13  species.  A  nearly  complete  skele- 
ton of  Lupus  Suessif  now  in  the  University  Museum  at  Vienna, 
was  found  some  years  ago  in  the  Loess  of  Nussdorf,  N.W.  of 
Vienna,  overlying  the  plastic  clay  of  Hemals.  This  species  was 
characterized  by  a  powerful  and  not  very  large  head,  a  very  strong 
neck,  and  a  vigorous  muscular  system.  It  was  more  robust  than 
Lupus  speUeus ;  and  intermediate  in  size  between  that  species  and 
the  existing  Wolf.  The  structure  of  its  extremities  shows  that  it 
was  fleet  enough  to  pursue  even  the  larger  Herbivores  and  strong 
enough  to  overpower  them. — Count  Mabsohall. 

I.— Bevue  de  OioLOGiE  POUR  LE8  Ann£es  1875  ET  1876.    Par 
M.  Delesse  et  M.  De  Lappabemt.     (Paris,  1878.) 

THE  constantly  increasing  numbers  of  geological  papers  published 
in  the  various  Journals,  Proceedings,  and  Memoirs  of  Societies, 
rendevB  it  dii£cult,  at  the  present  time,  for  the  student  of  the  science 
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to  become  readily  aoquainted  with  the  liteiatoFe  of  the  sabjeot. 
Special  works,  therefore,  giving  a  periodical  risumi  of  the  different 
widely  scattered  publications  are  not  only  a  great  boon,  but  attest  a 
self-denying  and  laborious  energy  on  the  part  of  the  renpeotiye 
editors.  In  this  country  we  have  the  valuable  Geological  Kecord, 
edited  by  Mr.  Whitaker ;  in  Switzerland  the  Revue  geologique  Suisse, 
compiled  by  M.  E.  Favre;  and  in  France  the  Revue  de  geologic, 
under  the  able  direction  of  MM.  Delesse  and  De  Lapparent,  and 
which  has  now  attained  its  fourteenth  year.  The  present  volume 
(1878),  compiled  with  the  same  care  and  arranged  in  the  same 
manner  as  Uie  previous  ones,  comprises  the  various  papers  on 
geolc^cal  and  the  allied  sciences  printed  during  the  years  1875 
and  1876,  besides  which  are  inserted  many  useful  private  communi- 
cations forwarded  to  the  editors  by  different  eeologists,  and  also  (as 
in  previous  volumes)  the  analyses  of  rocks  which  have  been  under- 
taken in  private  laboratories,  or  in  those  of  the  Ecole  des  Mines  or 
the  Ecole  des  Fonts  et  Chaussees.  The  classification  of  the  subjects 
is  adopted  from  tiie  Manual  of  G^logy,  by  Dana  and  arranged 
under  the  five  chief  divisions  of  Physiographical,  Lithological, 
Historical,  Geographical,  and  Dynamical  Geology,  special  attention 
being  given  by  M.  Delesse  to  the  researches  on  rocks  and  their 
metamorphism. 

The  editors  have  noticed  the  works  of  more  than  400  authors,  and 
have  given  a  concise  account  of  their  contents,  noticing  to  a  greater 
extent  those  not  published  in  France. — J.M. 

II. — ^ViOTOKiAN  Obganio  Rsmatms. — Pbodbomus  or  THK  Paljeon- 
TOLOGT  OF  Victoria.  Decade  V.  By  Prof.  F.  M*Cot,  F.G.S.,  etc. 
(Melbourne,  1877.) 

THE  figures  and  descriptions  of  the  new  or  more  characteristic 
Victorian  organic  remains  of  each  formation  are  continued  by 
Prof.  M'Coy  in  this  fifth  decade,  which  is,  therefore,  an  assistance  to 
the  field  geologist  in  determining  the  approximate  geological  ages 
of  the  various  formations  he  may  meet  witii.  The  present  number  is 
of  equsd  importance  with  the  preceding  ones,  and  contains  illustra- 
tions of  fossils  of  much  interest  both  to  the  Colonial  and  European 
palaeontologist,  for  some  of  the  species  noticed  of  Upper  Silurian 
mollusca  are  identical  with  well-known  abundant  and  cdiaracteristic 
forms  of  Europe  and  North  America,  whilst  others  are  representative. 
So  also  with  some  Eocene  forms,  it  is  shown  that  the  most  careful 
comparison  is  necessary  to  distinguish  between  species  of  Cardium 
from  the  Tertiary  strata  of  Australia  and  our  own  country.  The  con- 
tents of  this  number  are  various ;  the  first  two  plates  illustrate  new 
extinct  species  of  Eared  Seal  (Aretocephalus  WUlianui)  from  the 
Pliocene  strata  of  Queenscliff,  and  nearly  related  to  the  living  genera  of 
the  Southern  Seas;  the  third,  fourth,  fif&,  and  ninth  plates  are  devoted 
to  illustrations  of  some  characteristic  forms  of  Tertiary  Mollusca,  as 
Waldheimiaf  Cardium^  SpondyluB,  and  Cypraa;  the  six^  and  seventh 
plates  contain  many  figures  of  Upper  Silurian  Braohiopoda.  The 
next  plate  illustrates  a  new  spheroidal  Tertiary  species  of  S^u^^^ 
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with  the  long  slender  silioeous  spicules  of  the  genns  Tethya,  and  a 
remarkable  extinct  gigantic  species  of  Sea-pen,  or  Graphularia,  allied 
to  that  found  in  the  London  Clay  of  England,  and  closely  allied  to 
the  living  form  (Sarcopttlon)  in  Hobson's  Bay.  Under  this  head, 
Prof.  M*Coj  suggests  whether  the  supposed  Mesozoio  genus 
Beiemnites  may  have  been  a  different  interpretation  of  the  same 
object  The  last  plate  gives  further  illustrations  to  those  in  pre- 
ceding decades  of  the  Graptolites  of  the  gold-field  slates,  one  a  new 
type,  and  the  others  identical  with  a  species  (G.  Headt,  Hall)  found 
in  similar  slates  in  Canada. — J.M. 


Qbolooioal  Sooiett  of  London. — April  17, 1878. — Henry  Clifton 
Sorby,  Esq.,  F.B.S.,  President,  in  the  Chair. — ^The  following  com- 
munications were  read : — 

1.  ''  On  the  Geological  Results  of  the  Polar  Expedition  under 
Admiral  Sir  George  Nares,  F.B.S."  By  Capt  H.  W.  Feilden,  B.A., 
F.G.S.,  and  C.  B.  De  Banco,  Esq.,  F.G.S. 

The  authors  describe  the  Laurentian  gneiss  that  occupies  so  large 
a  tract  in  Canada  as  extending  into  the  Polar  area,  and  alike  under- 
lying the  older  Palaeozoic  rocks  of  the  Parry  Archipelago,  the 
Cretaceous  and  Tertiary  plant-bearing  beds  of  IMsco  Island,  and  the 
Oolites  and  Lias  of  East  Greenland  and  Spitzbergen.  Newer  than 
the  Laurentian,  but  older  than  the  fossUiferous  rocks  of  Upper 
Silurian  age,  are  the  Cape-Bawson  beds,  forming  the  coast-line 
between  Scoresby  Bay  and  Cape  Cresswell,  in  lat  82^  40' ;  these 
strata  are  unfossiliferous  slates  and  grit  dipping  at  very  high  angles. 

From  the  fact  that  Sir  John  Richardson  found  these  ancient  rocks 
in  the  Hudson's  Bay  territory  to  be  directly  overlain  by  limestones, 
containing  corals  of  the  Upper  Silurian  Niagara  and  Onondaga 
group.  Sir  Boderick  Murchison  inferred  that  the  Polar  area  was  dry 
land  during  the  whole  of  the  interval  of  time  occupied  by  the 
deposition  of  strata  elsewhero  between  the  Laurentian  and  the 
Upper  Silurian ;  and  the  examination  by  Mr.  Salter,  Dr.  Haughton, 
and  others  of  the  specimens  brought  from  the  Parry  Islands  have 
hitherto  been  oonsiderod  to  support  this  view.  The  specimens  of 
rocks  and  fossils,  moro  than  2,000  in  number,  brought  by  the  late 
expedition  from  Grinnell  and  Hall  Lands,  have  made  known  to  us, 
with  absolute  certainty,  the  occurronce  of  Lower  Silurian  species  in 
rocks  underlying  the  Upper  Silurian ;  and  as  several  of  these  Lower 
Silurian  forms  have  been  noted  from  the  Arotic  Archipelago,  thero 
can  be  'little  doubt  that  the  Lower  Silurians  arc  thero  prosent  also. 
The  extensive  arefbs  of  dolomite  of  a  croamy  colour  discovered  by 
M'Clintock  around  the  magnetic  pole,  on  the  western  side  of 
Boothia,  in  King  William's  Island,  and  in  Prince  of  Wales  Land, 
abounding  in  fossils,  described  by  Dr.  Haughton,  probably  represent 
the  whole  of  the  Silurian  era  and  possibly  a  portion  of  the  Devonian. 
^J^e  bases  of  the  Silurians  are  seen  in  North  Somerset,  and  consist 
l^^riy  stratified  red  sandstone  and  slate,  resting  directly  on  the 
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Laurentian  gneiss,  resembling  that  found  at  Cape  Bannj  and  in  the 
clififs  between  Whale  and  Wolstenholme  Sounds.  Above  these  sand- 
stones occur  ferruginous  limestones,  with  quartz  grains,  and  still 
higher  in  the  series  the  cream-coloured  limestones  come  in.  The 
Silurians  occupy  Prince  Albert  Land,  the  central  and  western 
portion  of  North  Deyon,  and  the  whole  of  Comwallis  Island.  The 
Carboniferous  Limestone  was  discovered,  rising  to  a  height  of  2,000 
feet,  on  the  extreme  north  coast  of  Grinnell  Land,  in  Feilden  and 
Parry  Peninsulas,  and  contains  many  speqies  of  fossils  in  common 
with  the  rocks  of  the  same  age  in  Spitzbergen  and  the  Parry 
Ai*chipelago.  being  probably  continuously  connected  with  the  lime- 
stone of  that  area,  by  way  of  the  United  States  range  of  mountains. 
The  coal-bearing  beds  that  underlie  the  Carboniferous  Limestones  of 
Melville  Island  are  absent  in  Grinnell  Land,  but  they  are  represented 
by  true  marine  Devonians,  established  in  the  Polar  area  for  the  first 
time,  through  the  determination  of  the  fossils,  by  Mr.  Etheridge. 
In  America  a  vast  area  iB  covered  by  Cretaceous  rocks.  The  lowest 
division,  the  Dakota  group,  contains  lignite  seams  and  numerous 
plant-remains  indicating  a  temperate  flora;  overlying  the  Cretaceous 
series  are  various  Tertiary  beds,  each  characterize  by  a  special  flora, 
the  oldest  containing  subtropical  and  tropical  forms,  such  as  various 
palms  of  Eocene  type.  In  the  overlying  Miocene  beds  the  character 
of  the  plants  indicates  a  more  temperate  climate,  and  many  of  the 
species  occur  in  the  Miocene  beds  of  Disco  Island,  in  West  Oreen- 
land,  and  a  few 'of  them  in  beds  associated  with  the  SO-feet  coal- 
seam  discovered  at  Lady  Franklin  Sound  by  the  late  expedition. 
The  warmer  Eocene  flora  is  entirely  absent  in  the  Arctic  area,  but 
the  Dakota  beds  are  represented  by  the  "  Atane  strata  "  of  West 
Greenland,  in  which  the  leaves  of  dicotyledonous  plants  first  appear. 
Beneath  it,  in  Greenland,  is  an  older  series  of  Cretaceous  plant- 
bearing  beds,  indicating  a  somewhat  warmer  climate,  resembling 
that  experienced  in  Egypt  and  the  Canary  Islands  at  the  present 
time.  In  the  later  Miocene  beds  of  Greenland,  Spitzbergen,  and 
the  newly  discovered  beds  of  Lady  Franklin  Sound,  the  plants  belong 
to  dimatal  conditions  30°  warmer  than  at  present,  the  most  northern 
localities  marking  the  coldest  conditions.  The  common  fir  {Pinus 
abie$)  was  discovered  in  the  Grinnell  Land  Miocene,  as  well  as  the 
birch,  poplar,  and  other  trees,  which  doubtless  extended  across  the 
polar  area  to  Spitzbergen,  where  they  also  occur. 

At  the  present  time  the  coasts  of  Grinnell  Land  and  Ghreenland  are 
steadily  rising  from  the  sea,  beds  of  glacio-marine  origin,  with  shells 
of  the  same  species  as  are  now  living  in  Kennedy  Channel,  extend- 
ing up  the  hill-sides  and  valley  slopes  to  a  height  of  1000  ft.,  and 
reaching  a  thickness  of  from  200  to  300  ft.  Thdse  deposits,  which 
have  much  in  common  with  the  **  boulder-days  "  of  English  geolo- 
gists, are  formed  by  the  deposition  of  mud  and  sand  carried  down 
by  summer  torrents  and  discharged  into  fiords  and  arms  of  the  sea, 
covered  with  stone-  and  gravel-laden  floes,  which,  melted  by  the 
heated  and  turbid  waters,  precipitate  their  freight  on  the  mud  below. 
As  the  land  steadily  rises  these  mud-beds  are  elevated  above  the  sea. 
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The  ooast  is  fringed  with  the  ioe-foot,  forming  a  flat  terrace  50  to 
100  yards  in  breadth,  stretching  from  the  base  of  the  difiis  to  the  sea- 
margin.  This  wall  of  ice  is  not  made  up  of  frozen  sea^water,  but  of 
the  accumulated  autumn  snowfall,  which,  drifting  to  the  beach,  is  con- 
verted into  ice  where  it  meets  the  sea- water  which  splashes  over  it. 

2.  "  On  the  Pabsontological  Results  of  the  recent  Polar  Expedition 
under  Admiral  Sir  George  Nares,  K.O.B.,  F.R.8."  By  Capt  H.  W. 
FeUden,  RA.,  F.G.S.,  and  Robert  Etheridge,  Esq.,  F.R.S.,  F.G.S. 

In  this  communication  the  authors  brought  before  the  Society  the 
palfiBontological  results  and  details  of  the  collection  made  by  the 
naturalists  and  other  officers  of  the  late  expedition  to  the  Arctic 
Circle  under  Admiral  Sir  G.  Nares.  The  purpose  of  the  paper  was 
to  record  the  presence  of  Silurian  and  Carboniferous  fossils  in  the 
highest  latitude  yet  reached,  82^  45^  N.  Of  the  former  group  60 
species  have  been  determined,  ranging  from  the  Lower  to  the  Upper 
Silurian,  both  Llandeilo  and  Wenlock  types  being  present  and 
numerous,  notably  in  the  class  Heteropoda,  two  species  of  the  genus 
Maelurea  and  BeUerophon,  with  StrophodofUa  and  Baphistoma,  etc., 
also  the  genus  EeeepUievditeB.  Upper  Silurian  species  of  Actinozoa 
belonging  to  Halytiiee^  Faeo$iU$f  ReUditeB^  Favistella,  Zapkrentist, 
Ampl^mu,  CycUhophyUwm^  and  ArcuhMphyllum  were  noticed,  and 
correlated  with  British  forms  when  possible;  but,  on  the  whole, 
the  faoies  of  the  Coelenterata  is  American  rather  than  European. 
Amongst  the  Crustacea  five  genera  were  noticed — Bronteus,  Caly^ 
mene,  EncHnwrui,  and  Proitue^  all  Upper  Silurian ;  and  the  genus 
Asaphus,  associated  with  Maelurea^  of  Lower  Silurian  age.  Ten 
species  of  Brachiopoda  belonging  to  the  genera  PerUamems,  Rhyn- 
chonella,  Choneles,  Atrypa,  Strophomenaf  have  been  determined. 

Collections  were  made  from  twenty  localities,  ranging  from  lat. 
79°  34'  to  82°  40^  N.,  notably  the  highest  at  Cape  Joseph  Henry, 
where  Capt  Feilden  obtained  a  numerous  Carboniferous-Limestone 
fauna,  numbering  about  thirty  species,  chiefly  Brachiopoda  and 
Polyzoa,  all  determined  species,  and  American  in  character  rather 
than  British.  Mr.  Etheridge  believed  he  had  determined,  through 
certain  forms  of  Brachiopoda,  the  presence  in  a  ravine  at  Dana  Bay 
of  the  Devonian  rock  below  the  Carboniferous  Limestone  south  of 
Cape  Joseph  Henry  and  Feilden  Isthmus,  the  want  of  plant-remains 
preventing  any  correlation  with  the  Ursa  stage  of  Heer.  It  cannot 
now  be  doubted  that  an  extensive  Silurian  fauna  extends  to,  and  is 
present  from  lat  79°  to  lat  82°  N.,  illustrating  both  the  lower  and 
upper  divisions  of  this  group  of  rocks,  especially  the  equivalents  of 
our  Wenlock  series.  .Again,  north  of  these  there  sets  in  a  clearly 
defined  Carboniferous-Limestone  fauna,  reaching  the  extremity  of 
the  highest  latitude  we  know,  and  probably  striking  away  beneath 
the  Polar  sea  to  Spitzbergen,  where  the  same  species  have  been 
described  by  Toula.  The  authors,  through  certain  fossils,  then 
endeavoured  to  show  that  on  the  whole  the  facies  of  the  Polar 
palseozoic  fauna  was  more  nearly  aUied  to  that  of  America  than  to 
that  of  Europe,  and  thus  must  be  correlated  with  it,  although  it  was 

own  that  a  large  number  of  species  are  common  to  the  two  areas. 
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especially  the  British  Islands.  The  absence  of  Lamellibranchiata  in 
rooks  older  than  the  Tertiary  was  noticed  as  haying  special  interest 
in  the  physical  history  of  the  Polar  seas  in  Palssozoio  and  Mesozoic 
times.  None  have  ever  been  detected  in  these  rocks.  The  authors 
stated  that  they  had  soaght  also  for  evidence  of  Trias  and  Permian 
fossils  in  this  iteid  other  collections  made,  bat  there  appeared  to  be 
none.  They  also  discassed  the  question  of  the  deposition  and  exten- 
fiion  of  the  Lias  as  r^resented  at  Eglinton  Island  and  Spitzbergen. 
The  authors  furnished  a  Table  showing  the  distribution  of  all  the 
species  collected  by  the  expedition  from  twenty  localities. 


oojaiaEs:F02sriDEiiTCE- 


8AND-W0RN  PEBBLES  IN  THE  WEALDEN  OF  SUSSEX. 

Sib,  —  Beingat  Cuckfield  lately,  I  obtained,  by  the  kindness 
of  Mr.  Henry  Willett,  F.G  S.,  some  of  the  large  pebbles  and  sub- 
angular  pieces  of  quartz,  quartzite,  and  lydite  from  the  conglom- 
erate, or  pebbly  and  gritty  bone-bed,  of  the  "  Upper  Tunbridge- 
IVells  Sandstone'^  in  the  quarry  at  Whiteman's  Green,  near  the 
town.  A  glaze-like  polish  in  parts  of  some  of  these  stones  at- 
tracted my  attention ;  and,  on  looking  at  it  with  the  microscope,  I 
discerned  the  delicate  parallel  strisB  which  hlown  sand  produces  in 
polishing  rocks  and  stones  exposed  to  its  action. 

One  of  these  partially  glazed  stones  from  the  Cuckfield  grit  has 
also  the  triangular  shape  produced  by  the  persistent  action  of  blown 
sand,  and  must  have  been  long  exposed  to  such  influence  on  the 
strand  of  the  old  Neocomian  lake  or  estuary,  before  it  was  finally 
imbedded  among  the  grit  and  rolled  bones.    Notices  of  the  oon- 

flomerate  referred  to  above  are  given  in  MantelPs  ''Geology  of  the 
outh-East  of  England,"  1833,  p.  209,  etc.,  and  in  the  '"  Memoirs 
Geol.  Survey  "  (Topley's  Weald),  1875,  p.  93,  and  p.  187,  note. 
YoBKTOWN,  April  10,  1878.  T.   UuPEBT  JoNES. 

THE  PRESERVATION  OP   DEPOSITS  OF  INCOHERElTr  MATERIALS 

UNDER  TILL  OR  BOULDER-CLAY. 

Sib,— Mr.  S.  V.  Wood,  in  his  "  Reply "  (Geol.  Mag.  Deo.  11. 
Vol.  y.  p.  187),  complains  that  I  have  not  put  the  questions  at  issue 
between  us  so  incisively  as  he  could  have  wished.  I  am  sorry  to 
have  so  far  disappointed  my  opponent,  but  it  was  not  my  intention 
to  controvert  all  his  theoretical  views.  If  he  will  look  at  the  title 
of  my  short  paper,  he  will  see  that  I  confine  myself  to  one  point, 
namely,  the  preservation  of  interglacial  deposits.  Mr.  Wood  has 
so  frequently  denied  the  possibility  of  interglacial  beds  having  been 
overflowed  by  glacier-ice,  and  so  confidently  asserted  that  my  views 
were  self-contradictory,  that  I  thought  it  worth  while  to  point  out 
that  his  principal,  indeed  his  only,  argument  was  based  upon  what 
he  himself  tacitly  admits  is  merely  a  preconceived  notion.  I  am 
glad  to  find,  however,  that  in  other  respedts  his  views  approximate 
to  mine  more  nearly  than  he  seems  to  be  aware.  Thus,  he  tells  us 
first,  that  he  does  not  deny  *<  that  ice  erodes  more  in  some  places 
than  in  others ; "  secondly,  that  he  believes  "  some  moraine  accumM- 
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lates  below  ice ; "  and  thirdly,  that  it  may  to  some  extent  be  true  that 
ioe  does  override  incoherent  deposits  without  entirely  obliterating 
them.  But  he  instances  the  section  exposed  in  the  North  Suffolk 
Cliff,  where  Till  rests  for  a  long  distance  upon  a  comparatively 
undisturbed  surface  of  sand,  as  proving  that  the  former  deposit  has 
been  laid  down  in  the-  sea,  and  as  demonstrating  the  physical 
impossibility  of  its  having  been  accumulated  under  ice.  Here, 
again,  Mr.  Wood's  argument  is  based  as  before  upon  the  same 
preconceived  notion.  He  quietly  ignores  all  the  positive  evidence 
which  has  been  adduced  in  proof  of  the  subglacier  origin  and 
accumulation  of  the  chalky  till  of  Suffolk,  and  brings  forward  not 
one  single  jot  or  tittle  of  positive  evidence  in  favour  of  his  own  view. 
Yet,  surely,  if  the  Till  in  question  were  a  marine  formation,  there 
should  be  no  lack  of  such  evidence.  If  the  chalky  boulder-clay 
were  laid  down  upon  the  sea-bottom,  a  wide  area  in  the  south-east 
of  England  must  have  been  submerged,  and  that  for  a  considerable 
time.  Where,  then,  I  would  ask,  are  Uie  bedded  gravel,  sand,  and 
day — the  raised  beaches  and  so  forth — with  marine  organisms, 
which  we  might  reasonably  expect  to  meet  with  ?  Where,  in  shorty 
are  the  beds  equivalent  in  origin  to  the  shelly  brick-clays,  etc.,  of 
Scotland,  Scandinavia,  and  Canada  ?  Can  it  be  that  the  sea-bottom 
of  glacial  times,  in  the  East  Anglian  district,  was  dredged  with  clay 
and  peppered  with  stones  and  boulders  at  so  rapid  a  rate  as  to 
render  marine  life  impossible  I 

I  quite  agree  with  Professor  Toung  that  the  question  of  the 
origin  of  Till  necessarily  precedes  that  of  the  preservation  of  inter- 
glacial  deposits,  and  I  have  before  now  expressed  myself  to  that 
effect-.  In  the  short  paper  which  has  called  forth  his  remarks,  the 
subject  of  the  origin  of  Till  was  not  taken  up  for  the  simple  reason 
that  I  had  already  discussed  that  question  at  sufficient  length  else- 
where. I  still  think  that  the  theory  of  the  subglacier  origin  and 
accumulation  of  Till  meets  every  difficulty,  and  offers  a  satisfactory 
explanation  of  all  the  phenomena,  and  I  can  only  regret  that  my 
friend  is  of  a  different  opinion.  The  view  which  he  inclines  to 
favour  has  at  the  first  blush  a  plausible  appearance,  but  it  will  not 
stand  a  closer  examination.  I  was  myself  disposed  at  one  time  to 
think  that  the  Till  might  have  been  deposited  in  the  sea  in  front  of 
an  ice-sheet.  But  the  explanation  completely  failed  when  I  came  to 
put  it  to  the  proof.  The  objections  to  it  are  well-nigh  legion,  but 
only  one  of  these  need  be  mentioned  here — not  because  it  is  the  most 
cogent,  but  because  it  can  be  stated  in  very  few  words.  Wide-spread 
and  thick  deposits  of  Till  occur  on  the  lee-side  of  the  Sidlaws,  the 
Ochils,  and  other  hill-areas  in  Central  Scotland,  and  many  of  the  in- 
cluded boulders  prove  that  the  Till  in  question  has  been  forced  up  and 
over  these  hills.  Now,  if  the  hills  were  submerged  at  the  time  they 
received  their  coverings  of  Till,  where,  let  me  ask,  was  the  ice-sheet  ? 

Pbbth,  April  20<A,  1878.  James  Gkikie. 

Erratum.—Fxoiti  Mr.  A.  Champernowne,  F.G.S.  In  Plate  VI.  Fig.  2  (of  the  May 
Number),  the  arched  dotted  line  over  the  group  3  is  an  error,  and  should  be  omitted. 
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L — On  a  New  and  Undesoribed  Maobouban  Deoapod  Cbustaoean, 

FROM  THE  LoWEB  LiAS,  BaBBOW-ON-SoAB,  LEIOESTEBSHIBBy  ETC. 

By  Hbnrt  Woodwabd,  LL.D.,  F.B.S.,  F.G.S. ; 

of  the  BritUh  Museum. 

(PLATE  VII.) 

IN  my  tbird  Beport  "on  the  structure  and  olassification  of  the 
fossil  Crustacea,"  presented  to  the  Geological  Section  of  the 
British  Association,  at  their  Meeting  in  Dundee,*  1867, 1  stated  that 
a  new  Crustacean  had  been  obtained,  in  1858,  by  Sir  Philip  Orey- 
Egerton,  Bart,  M.P.,  F.B.S.,  from  the  Lower  Lias  of  Barrow-on- 
Soar,  Leicestershire,  by  whose  kindness  it  is  now  preserved  in  the 
British  Museum :  and  also  that  another  specimen,  from  the  Lower 
Lias  of  Somersetshire,  belonging  evidently  to  the  same  species,  had 
subsequently  been  found  by  Mr.  Charles  Moore,  F.Q.S.,  at  Bath. 
The  specimen  from  Barrow-on-8oar  (the  impression  and  counter- 
part of  which  is  contained  in  two  blocks  of  Blue  Lias  Stone) 
exhibits  on  the  sur£&ce  of  the  slabs,  the  entire  carapace,  the  eye, 
antennaB,  the  five  ambulatory  thoracic  feet ;  but  in  this  specimen  the 
abdominal  somites  and  caudal  appendages  are  entirely  wanting.' 
(See  PI.  VIL  Fig.  1.) 

Mr.  Moore's  specimen,  though  rather  less  well  preserved,  exhibits 
the  carapace  with  the  antennas ;  the  walking  limbs  are  displaced  and 
expose  the  thoracic  apodemata  to  which  the  branchisd  ana  the  ooxal 
joint  of  each  limb  were  attached.  The  six  abdominal  somites  are 
also  seen,  but  the  caudal  plates  are  only  very  imperfectly  preserved. 
(See  Plate  VIL  Fig.  2.) 

The  carapace  of  this  Crustacean  evidently  was  extremely  thin  and 
much  less  chitinous  than  in  the  genera  Ager  and  Penatu ;  it  was 
therefore  more  easily  destroyed  or  distorted.  In  Fig.  1,  the  crumpled 
and  wrinkled  appearance  of  the  carapace  is  well  shown.  In  Fig.  2, 
the  test  is  less  well  preserved,  but  near  the  posterior  border  there 
is  evidence  to  show  that  the  surface  was  finely  granulated  (not 
punctated  as  represented  by  the  artist  in  the  Plate).    The  dorsal 

^  See  BritiBb  Association  Beports  for  1867  (1868),  p.  i4. 

*  The  abdomixud  somites  oaTe  been  added  by  tbe  artist  in  outline  to  Fig.  1, 
PI.  YIl.  merely  to  indicate  tbeir  normal  position;  tbey  are  wanting  in  tbis  speci- 
men, and  altboueb  present  in  Mr.  Moore's  Crustacean  from  Batb  (Fig.  2.  PL  \^I.), 
tbey  are  displaced. 
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line  of  the  oarapaoe,  as  seen  in  profile  in  our  specimens,  was  much 
arched,  and  the  anterior  portion  bends  down  to  terminate  in  a  short 
and  blunt  rostram. 

The  orbital  fossa  forms  a  deep  hollow  on  either  side  of  the  blunt 
rostrum  giving  insertion  to  the  eye-pedundes ;  the  bases  of  the 
antennas  take  their  rise  from  the  outer  border  of  the  orbits. 

The  carapace  is  marked  at  its  posterior  margin  by  a  double  line 
or  raised  border,  and  is  somewhat  roundly  inflected  mesially,  to  give 
insertion  to  the  abdominal  somites ;  but  it  again  expands  roundly  on 
the  postero-lateral  border  over  the  branchial  region. 

None  of  the  usual  divisional  lines  or  prominences,  marking  the 
regions  of  the  carapace,  are  visible  on  this  Crustacean,  and,  save  a 
small  marginal  ridge  on  the  hepatic  border,  near  the  orbital  fossa, 
the  carapace  is  otherwise  quite  plain. 

Length  of  carapace  50  mm.,  depth  from  dorsal  line  25  mm. 

The  antennules  have  slender  multiarticulate  flagella  15  mm.  in 
length.  The  antennas  have  three  robust  and  very  rugose  basal 
joints,  15  mm.  long,  succeeded  by  a  stout  but  tapering  many-jointed 
flagellum  nearly  25  mm.  in  length,  reminding  us  of  the  stiff  outer 
antennas  of  PaZintirtia. 

The  thoracic  limbs  are  stout  and  rugose,  all  their  extremities  are 
monodaotylous.  The  first  pair  is  the  most  robust,  the  second  is 
nearly  equal  in  size  to  the  first ;  the  third  and  fourth  pairs  are  more 
slender  and  nearly  as  long ;  the  fifth  pair  is  much  the  smallest. 

I  subjoin  the  measurement  of  the  five  thoracic  limbs  in  millimetres. 
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1st  joint 
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» 
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thorax , 

or  Coxa  ...., 
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The  figures  of  the  fossil  drawn  in  the  Plate  do  not  sufficiently 
show  the  rugosity  of  the  limbs,  which  is  a  strongly-marked  character 
in  the  fossil.  The  abdominal  somites  are  preserved  more  or  less 
perfectly  in  Mr.  Charles  Moore's  specimen  (Fig.  2).  Their  breadth 
is  about  7  mm.  each,  and  extreme  depth  of  profile  of  segment  19 
mm.  ;  the  epimeral  border  of  the  segments  is  lanceolate.  The 
segments  were  finely  granulated  on  fiieir  margins.  The  caudal 
plates  appear  to  have  been  broadly  rounded  in  outline,  but  they 
are  too  imperfect  to  describe  minutely. 

Total  length  of  abdomen  55  mm. 

In  most  of  our  common  living  Macroura,  the  first  and  second  pairs 
of  thoracic  appendages  resemble  the  last  pair  of  the  cephalic  series, 
being  maxillipeds,  or  mouth-organs.  The  third  pair  are  usually  the 
largest  of  the  series,  and  are  mostly  chelate  (serving  as  hands),  the  four 
remaining  pairs  being  commonly  employed  as  the  ambulatory  legs. 

In  the  fossil  before  us  neither  the  third  pair,  nor  the  four  pairs  of 
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limbs  snoceeding  it,  are  chelate,  all  the  five  pairs  of  legs  being 
inonodactyloas,  as  in  Falinurue,  SeyUarus,  and  Thenue :  but  in  this 
division  the  cai^pace  and  the  abdominal  segments  are  not  arched, 
but  expanded  laterally ;  whilst  this  Lias  Crustacean,  like  the  AstacidcB, 
PalammUda,  etc.,  has  the  carapace  compressed  laterally,  and  the 
segments  of  the  abdomen  are  not  flattened,  but  are  well  arched. 
The  antennoles  are  not  like  those  of  PaUnurus,  which  have  a  few 
long  articuli,  but  are  multiartioulate  like  those  of  the  Astaeida  and 
Palamonida. 

From  a  careful  comparison,  made  in  1867,  of  its  general  characters, 
I  was  led  to  consider  the  fossil  before  us  as  probably  most  near  to 
the  recent  genus  Atya  of  Leach,  from  South  ^  America,  and  I  then 
proposed  to  name  it  Praaiya  seabrosa,  but  in  all  the  recent  species 
of  the  genus  Atya  the  third  and  fourth  pairs  of  thoracic  appendages 
are  modified  so  as  to  subserve,  like  the  first  and  second  pairs,  rather 
the  office  of  maxillipeds  or  mouth-organs  than  of  feet ;  the  fifth, 
sixth,  and  seventh  pairs  alone  remaining  as  simple  monodactylous 
ambolatoiy  legs.  Whether  this  modification  of  the  third  and  fourth 
pairs  of  thoracic  appendages  in  the  genus  Atya  has  taken  place 
since  Liassic  times,  and  so  the  fossil  form  be  really  ancestrally 
related  to  that  modem  crustacean,  can  only  be  a  matter  of  con- 
jecture, but  bearing  in  mind  this  important  difference  in  the  modifi- 
cation of  the  thoracic  limbs,  they  have  nevertheless  still  many 
points  of  resemblance.  I  have  therefore  retained  the  original  name 
Praatya  (conferred  upon  it  in  1867),  and  by  that  appellation  I 
now  beg  leave  to  introduce  it  to  palseontologists  and  especially  to 
those  who  are  interested  in  Liassic  fossils. 

Explanation  of  Pultb  YII. 

Fig.  1.  Frmatya  teabroaa,  H.  Woodw.,  Lower  Lias,  Barrow-on-Soar  (drawn  nat. 
size).    The -original  specimen  in  the  Briti^  Musenm. 
„    2.  Praatya  seabrosa,  H.  Woodw.,  Lower  Lias,  Bath.    The  original  specimen 

in  the  Oollection  of  Charles  Moore,  Esq.,  F.G.S.,  of  Bath. 
„    ^  Outline  of  Atya  Mobroy  liCach  (reoent),  South  America. 


n. — On    thv  Possibility   of    Chakqes   in   thv   Latitudbs    of 

Places   on    the   Eabth*s  Surface;    beinq   an   Appeal  to 

Phtsioists. 

By  0.  FiBSBB,  Clk.,  M.A.,  F.6.S. 

ll^f^  HILL'S  paper  in  the  June  Namher  of  the  Magazine  has 
JjJL  incited  me  to  recor  to  the  great  question  of  the  possibility 
of  changes  in  the  earth's  axis  of  rotation  within  itself.  Mr.  Hill  is 
well  known  to  be  an  accomplished  geologist ;  but  he  writes  as  if  he 
were  simply  a  physicist,  without  sympathies  for  the  difficulties  of 
his  brethren  of  the  hammer.  Yet  we  feel  certain  that  such  is  not 
the  case.  We  know  that  he  has  studied  in  the  field  the  tremendous 
movements  which  the  strata  have  undergone,  being  often  compressed 
into  a  small  part  of  their  original  length :  that  he  has  appreciated 
the  almost  ubiquitous  presence,  either  in  past  or  present  time,  of 
volcanic  activity :  that  he  must  feel  how  unsatisfiEUitory  all  explana- 

^  Incorrectly  marked  as  N.  America  on  the  Plate. 
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tions  short  of  a  change  in  latitade  are  to  account  for  the  flora  of  a 
warm  climate  within  the  arctic  circle.  We  therefore  appeal  to  him, 
and  to  others  similarly  qualified,  to  look  at  this  subject  from  both 
sides. 

Dr.  John  Evans,  in  a  paper  which  he  read  before  the  Boyal 
Society  in  1866,^  suggested  a  cause  why,  in  his  opinion,  a  moun- 
tainous region,  newly  upheaved  above  the  general  surface  of  ih^ 
earth,  would  have  a  tendency  to  travel  towards  the  equator,  mov- 
ing t^e  rest  of  the  crust  along  with  it.  "  My  hypothesis,"  he  said 
ten  years  later,  in  his  Presidential  Address  of  1876,  "  was  founded 
on  the  assumption  of  the  globe  consisting  of  a  comparatively  thin 
crust  with  an  internal  fluid  nucleus,  over  which  the  crust  could 
slide  when  from  any  geological  cause  its  equilibrium  was  dis- 
turbed."' But  the  hypothesis  under  which  he  then  appealed  to 
physicists  for  a  solution  of  the  question,  if  not  intended  by  him 
to  be  different  from  the  above,  has,  at  any  rate,  been  so  taken  by 
Mr.  Twisden,'  and  Mr.  G.  Darwin,*  and,  following  them,  by  Mr.  Hill; 
for  all  these  gentlemen  have  supposed  the  globe  aoUd  from  tbe 
surface  to  the  centre.  I  do  not  think  that  any  geologist  can  easily 
entertain  this  opinion ;  and  when,  in  handling  the  subject,  one  omits 
all  reference  to  any  other  possible  supposition  as  to  the  state  of  the 
earth*s  interior,  it  seems  to  me  that  he  is  not  rendering  that  help  to 
his  less  accomplished  brethren  which  he  might  render. 

The  causes,  which  lead  physicists  to  regard  the  problem  from  their 
point  of  view,  may  partly  be,  first,  that  the  great  problem  of  Pre- 
cession and  Nutation  has  always  been  so  treated.  They  are,  there- 
fore, already  some  way  on  their  road  towards  the  elucidation  of  any 
other  question  of  this  class.  Secondly,  the  perhaps  greatest  living 
physicist  in  this  kingdom  has  pronounced  in  the  strongest  language 
against  the  doctrine  of  a  fluid  interior.  He  appears,  in  consequence 
of  a  conversation  with  Professor  Newcomb,  to  have  given  up  the 
original  argument  against  it  from  precession  and  nutation.  ''  Inter- 
esting in  a  dynamical  point  of  view  as  Hopkins'  problem  is,  it  cannot 
afford  a  decisive  argument  against  the  earth's  interior  liquidity."* 
But  there  remain  the  tides.  "  The  solid  crust  would  yield  so  freely  to 
the  deforming  influence  of  the  sun  and  moon,  that  it  would  simply 
carry  the  waters  of  the  ocean  up  and  down  with  it,  and  there  would 
be  no  sensible  tidal  rise  and  fall  of  water  relatively  to  land."  *  I 
have  inquired  ^  whether,  taking  their  lagging  into  consideration,  it  is 
certain  that  the  crests  of  the  tidal  waves  in  the  ocean  and  in  the 
crust  would  occur  simultaneously  at  the  same  place :  because,  unless 
they  did  so,  we  might  still  have  a  tide  relatively  to  land.  Recently, 
at  the  Cambridge  Philosophical  Society,  when  Mr.  Hill  gave  some 
illustrations  corroborative  of  Mr.  G.  Darwin's  results,  Mr.  Darwin 
told  the  meeting,  in  reply  to  some  remarks  of  mine,  that  he  had 

»  Proc.  Roy.  Soc.  No.  82,  1866. 

'  Quart.  Joum.  Geol.  Soc,  toI.  xxxiL  Presidential  Address,  p.  108. 

'  Quart.  Joum.  Geol.  Soc,  vol.  xxxiv.  p.  36. 

*  Trans.  Royal  Soc.  toI.  167,  part  i. 
^  Sir  W.  Thomson's  Sectional  Address,  Nature,  vol.  xiv.  1876,  p.  429,  2nd  column. 

*  Ibid.  ^  Quart.  Joum.  GeoL  Soc,  1875,  p.  470. 
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been  investigatiDg  the  above  question  raised  by  me.    We  may,  there* 
ore,  hope  to  receive  a  decisive  answer  to  it. 

It  does  not,  however,  appear  necessary  that  geologists  should  be 
concerned  to  inquire  whether  the  earth  is  wliolly  fluid  within.  If 
there  be  granted  a  layer  of  fluid  matter  of  a  thickness  even  very 
small  compared  to  the  radius  of  the  earth,  that  will  suffice  us. 
May  not  the  argument  for  rigidity  drawn  from  the  tides,  after  it 
has  received  that  definite  weight  which  proper  observations  (yet 
to  be  made)  are  expected  to  give  it,  be  satisfied  with  a  rigid 
nucleus  of  radius  nearly  approaching  to  that  of  the  entire  globe  ? 
Such  tides  as  would  be  formed  wi&in  the  liquid  substratum  of 
the  crust  would  not  be  of  the  nature  of  the  tides,  contemplated 
by  Sir  W.  Thomson  as  affecting  the  entire  spheroid,  but  more 
nearly  analogous  to  the  ocean  tides;  since  they  would  involve  a 
horizontal  transference  of  fluid  backwards  and  forwards,  and  might 
be  expected  to  be  of  small  amplitude,  owing  to  the  viscosity  of  the 
substance  and  its  confinement  beneath  the  crust.  However,  even 
the  modest  requirement  of  a  fluid  substratum  is  denied  to  us. 
''  But  now  thrice  to  slay  the  slain.  Suppose  the  earth  this  moment 
to  be  a  thin  crust  of  rock  or  metal  resting  on  liquid  matter.  Its 
equilibrium  would  be  unstable  I  And  what  of  the  upheavals  and 
subsidences?  They  would  be  strikingly  analogous  to  those  of  a 
ship  that  had  been  rammed ;  one  portion  of  crust  up  and  another 
down,  and  then  all  down.  I  may  say  with  almost  perfect  certainty 
that  whatever  may  be  the  relative  densities  of  rock,  solid  or  melted, 
at  or  about  the  temperature  of  liquefaction,  it  is,  I  think,  quite  cer- 
tain that  cold  and  solid  rock  is  denser  than  hot  melted  rock,  and  no 
possible  degree  of  rigidity  in  the  crust  could  prevent  it  from  break- 
ing in  pieces  and  sinking  wholly  below  the  liquid  lava." 

If  we  now  turn  to  Mr.  Hopkins'  Besearches  in  Physical  Greology,^ 
we  find  that  he  had  gone  into  this  question  somewhat  fully,  and 
held  an  exactly  opposite  opinion  from  the  above.  He  considered 
that,  so  long  as  the  matter  of  the  earth  retained  a  sufficiently  high 
state  of  fluidity  to  admit  of  the  circulation  of  convection  currents, 
no  crust  could  form  :  but  that  when,  by  those  means,  the  temperature 
bad  been  so  far  reduced  that  convection  became  arrested,  immediately 
a  crust  would  be  formed.  "  Since  the  heat  increases  with  the  dis- 
tance from  the  surface,  while  the  mass  is  cooling  by  circulation,  the 
tendency  to  solidification,  so  far  as  it  depends  on  this  cause,  will  be 
greatest  at  the  surface,  and  least  at  the  centre.  But  on  the  other 
•  hand,  the  pressure  is  least  at  the  surface,  and  greatest  at  the  centre ; 
and  consequently  the  tendency  to  solidify  as  depending  on  this 
cause  will  be  greatest  at  the  centre,  and  least  at  the  surface."  For 
want  of  experimental  evidence,  "  the  only  conclusion  at  which  we 
can  arrive  is  this,  that  if  the  augmentation  of  temperature  with  that 
of  the  depth  be  so  rapid  that  its  effect  in  resisting  the  tendency  to 
solidify  be  greater  than  that  of  the  increase  of  pressure  to  promote 
it,  there  will  be  the  greatest  tendency  to  become  imperfectly  fluid, 

^  Trans.  Roy.  Soc.  part  iL  1839,  quoted  in  his  Report  to  the  British  Association, 
1848. 
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and  afterwards  to  solidify,  in  the  superficial  portions  of  the  mass : 
whereas,  if  the  effect  of  the  augmentation  of  pressure  predominate 
over  that  of  temperature,  this  transition  from  perfect  to  imperfect 
fluidity,  and  consequent  solidity,  will  commence  at  the  centre." 

Assuming  the  latter  to  be  &e  case,  when  the  mass  should  have 
arrived  at  that  stage  of  cooling  that  ''a  solid  nucleus  had  been 
formed,  surrounded  by  an  external  portion  of  which  the  fluidity 
would  vary  continuously  from  the  solidity  of  the  nucleus  to  the 
fluidity  of  the  surface,  where,  at  the  instant  we  are  speaking  of,  it 
would  be  just  such  as  not  to  admit  of  circulation ;  .  .  .  a  change 
would  take  place  in  the  process  of  solidification  which  it  is  important 
to  remark.  The  superficial  parts  of  the  mass  must  in  all  casee  cool 
the  most  rapidly,  and  now  (in  consequence  of  the  imperfect  fluidity) 
being  no  longer  able  to  descend,  a  crmt  will  be  formed  on  the 
surface,  from  which  the  process  of  solidification  will  proceed  far 
more  rapidly  downwards,  than  upwards  on  the  solid  nucleus."  And 
in  a  note  to  the  Report,*  he  writes  thus  decidedly :  "  Supposing  the 
earth  once  to  have  been  fluid,  it  must  be  now,  or  have  been  at  some 
antecedent  epoch,  in  that  state  in  which  a  solid  exterior  rests  on  an 
imperfectly  fluid  and  incandescent  mass  beneath.  It  is  important 
to  know  that  this  state  of  the  earth,  assuming  its  original  fluidity, 
is  one  through  which  it  must  necessarily  have  passed  in  the  course 
of  its  refrigeration,  whatever  might  be  the  process  of  its  solidifi- 
cation." 

These  remarks  of  Mr.  Hopkins  deserve  serious  consideration, 
and  are  not  lightly  to  be  set  aside.  They  are  entirely  independent 
of  his  subsequent  calculations  by  which  he  considered  he  had  proved 
(and  was  until  very  lately  indeed  considered  by  the  greatest  mathe- 
maticians to  have  proved) '  that  this  crust  was  not  at  the  present 
time  a  thin  one,  but  had  grown  to  the  thickness  of  at  least  not  far 
short  of  a  thousand  miles;  even  if  its  downward  growth  had  not 
already  met  the  upward  growth  of  the  solid  central  nucleus. 

The  reasoning  by  which  Mr.  Hopkins  concluded  that  a  crust 
would  form  (and  he  clearly  supposed  it  would  be  supported  also), 
seems  to  be  assailable  only  on  the  supposition  that  upon  solidifi- 
cation a  sudden  considerable  contraction,  and  consequent  increase  of 
density,  would  occur,  which  would  enable  the  fragments  to  sink 
in  a  fluid,  too  viscous  to  admit  of  the  sinking  of  portions  cooled  to 
the  verge  of  solidification. 

It  is  practically  seen  that  a  crust  can  be  formed  and  supported 
upon  liquid  lava  by  what  is  known  to  happen  in  the  ci-ater  of 
Kilauea.  This  is  of  an  elliptical  form,  three  miles  in  its  longer 
diameter:  consequently  the  attachment  to  the  cliff-like  sides  can 
have  little  effect  in  supporting  the  crust  over  so  large  an  area. 
IMoreover,  this  has  been  observed  to  rise  and  sink  with  variations 
in  the  level  of  the  lava,  showing  that  it  really  rests  upon  the  fluid 
support.  "  The  floor  of  the  pit  is  described  as  usually  presenting 
a  crust  over  a  vast  pool  of  lava,  which  is  from  time  time  broken 
through  by  a  fresh  upboiling  of  the  incandescent  mass  beneath. 
1  Page  48.  *  Vide  tuprd,  p.  292. 
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It  oooLs  and  hardens  so  rapidly  on  exposure,  that  it  may  be  walked 
upon  within  a  few  hours  after  coagulating.  Sometimes  upwards 
of  fifty  small  cones  and  craters,  more  or  less  in  activity,  have  been 
counted  on  the  floor  of  this  great  pit.  They  were  from  fifty  to 
a  hundred  feet  high."^  "It  is  nine  miles  in  circumference,  and  its 
lower  area,  which  not  long  ago  fell  about  300  feet,  just  as  ice  on 
a  pond  falls  when  the  water  below  it  is  withdrawn,  covers  six 
square  miles."'  In  tbe  case  of  tbe  earth's  crust,  it  seems  probable 
that  the  lateral  pressure,  to  which  the  upheavals  and  subsidences 
are  due,  would  have  the  effect  of  keeping  the  fragments  of  the  crust 
close  pressed  together,  and  so  checking  anything  like  a  general 
intrusion  of  lava  between  them.  Its  exit  would  probably  be  con- 
fined to  here  and  there  volcanic  vents,  more  numerous,  no  doubt, 
and  larger,  in  ancient  times,  but  still  in  general  character  like  those 
of  the  present  day. 

The  argument  for  tbe  existence  of  a  fluid  layer  beneath  the 
present  crust  appears  to  me  to  be  considerably  strengthened  by 
a  comparison  which  I  have  myself  made  between  the  actual  in- 
equalities of  the  earth's  surface  and  those  which  could  have  been 
formed  by  lateral  pressure  if  the  globe  had  cooled  as  a  solid  body.' 
This  has  led  me  to  the  conclusion  that  some  condition  has  been 
present  which  has  admitted  of  its  shrinking  much  more  than  it 
could  have  done  if  it  had  cooled  as  a  solid ;  nay,  probably  more 
than  mere  cooling  alone  can  account  for.  I  surmise  therefore  that 
the  interior  has  contained  water,  which  has  escaped  through  volcanic 
vents  as  superheated  steam,  and  that  the  earth's  volume  has  been 
diminished  in  that  manner  by  the  actual  transference  of  matter 
from  beneath  to  above  the  crust  What  may  be  the  exact  amount 
of  decrease  of  volume  which  might  be  obtained  by  transferring 
a  given  quantity  of  water  from  beneath  to  above  the  crust,  it  is  not 
possible  to  say;  because  we  do  not  know  the  properties  of  water 
as  it  may  exist  under  such  circumstances  of  heat,  pressure,  and 
chemical  combination  as  obtain  within  the  earth.  But  it  is  obvious 
that  a  larger  contraction  can  be  accounted  for  by  aid  of  this  supposi- 
tion than  without  it.  I  received  a  letter  from  Mr.  Scrope  in  October, 
1876,  very  shortly  before  his  death,  in  which  he  commented  on  this 
suggestion.  "There  is  one  of  the  points  you  put  forward  which  never 
struck  me  before,  but  which  now  appears  to  me  most  valuable ; 
viz.,  that  the  enormous  amount  of  steam  that  has  escaped  from  the 
interior  in  early  times,  as  well  as  down  to  the  present,  has  been,  and 
is,  the  cause  of  those  subsidences  of  the  crust,  to  which  the  basins  of 
seas  and  oceans,  and  the  crumplings  of  the  terrestrial  rocks  are  owing, 
far  more  than  to  any  general  contraction  of  the  nucleus  by  cooling." 

It  is  known  also  that  mountain  chains  have  most  of  them  been 
ridged  up  and  folded  much  more  than  the  country  bordering  upon 
them.     Now  this  peculiarity  implies  a  slip  of  the  superficial  strata 

^  Scrope's  Volcanos,  p.  477,  ed.  1862. 

^  Miss  Birt*s  Hawaiian  Archipelago.    See  Naturt^  toI.  xi.  p.  324. 
^  Trans.  Cambridge  FhiL  Soc.,  toI.  xiL  part  ii.,  abstractea  in  Gsol.  Mao.  N.S. 
Vol.  I.  p.  60, 
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(,T«r  vliatever  it  be  that  underlies  them.  It  is  obvious  that  a  more 
or  le«  pofectlj  fluid  substratum  is  required  to  give  this  capability 
of  slmpa^.  Indeed  the  nearest  analogy  to  the  formation  of  a  chain 
of  mfrwit*»«*  seems  to  be  found  in  the  crushing  together  of  the 
AJiMott  edges  of  two  sheets  of  floating  ioe. 

I  bv«  thos,  I  think,  shown  that  the  supposition  of  a  liquid 

liT«r  beneath  the  crust  of  the  earth  is  not  a  supposition    that 

«*«)  wboOy  untenable  as  has  been  represented,  and  that,  as  far 

«  mmtkoniif  (that  blind   guide)   can   determine  the  question,  we 

ba^v  it  on  both  sides.     I  recur  llierefore  to  my  original  proposition, 

physicists   should  be  moved  to  consider  what  elements  of 

in  the  position  of  the  earth's  crust  as  regards   latitudes 

B^bl  be  introduced  under  the  inflaences  acting  upon  it,  by  the 

exbtence  of  a  considerable  degree  of  mobility  between  the  crust 

tad  a  solid  nucleus  owing  to  the  intervention  of  a  liquid  stratum. 

TW  solidity  of  the  crust  being  supposed  due  to  cooling,  and  that 

i"^  the  nucleus  to  pressure,  I  would  consider  the  crust  thin,  and  the 

€«id  substratum  also  thin.     I  would  consider  the  crust  and  the 

fluid  of  sensibly  the  same  thicknesses  at  the  equator  as  elsewhere, 

taking  the  equatorial  bulge  as  existing  in  the  solid  nucleus.     This 

H|iposition  would  seem  admissible,  because  we  have  volcanos  in 

kw  as  well  as  in  high  latitudes,  showing  that,  if  they  be  connected 

with  a  liquid  substratum,  that  cannot  be  much  more  deep  down  in  the 

one  region  than  in  the  other.    Moreover,  the  ratio  of  the  centrifugal 

force  to  gravity  being  small,  it  is  not  likely  that  the  upper  limit 

of  the  pressure  necessary  to  induce  solidity  should  be  at  an  r]>- 

preciably  greater  depth  below  the  surface  at  the  equator  than  at  the 

poles.     I  would  consider  the  crust  flexible,  but  for  the  purposes  of 

ike  problem  not  horizontally  compressible  further  than  would  allow 

it  to  flt  the  spheroid  in  any  new  position  so  that  it  should  move  all 

tc^ther.      Then  I  would  inquire,  a  portion  of  it  having  become 

thickened  by  assemblages  of  foldings  near  together,  in  other  words 

by  the  elevation  of  continents,  what  effect  these  would  have  upon 

the  position  of  the  crust  as  regards  the  axis  of  rotation  of  the 

whole,  supposed  fixed  in  space. 

This  is,  in  short,  Dr.  Evans's  original  problem,  which  he  en- 
deavoured to  solve  by  experimental  means. 

But  the  question  I  would  put  is,  whether,  supposing  the  crust 
free  to  move  under  forces  as  small  as  those  which  this  change  of 
form  would  bring  to  bear  upon  it,  the  effect  would  be  (not  that 
the  protuberances  would  be  brought  towards  the  equtftor,  as  in  Dr. 
Evans's  wheel),  but  that  the  crust  would  tend  to  be  carried  into 
such  a  position  that  the  axis  of  symmetry  of  the  solid  nucleus  and 
of  the  crust  together  (t.e.  their  axis  of  greatest  moment  of  inertia) 
would  tend  to  coincide  with  the  axis  of  rotation.  If  this  were 
so»  the  nucleus  being  spheroidal,  the  crust  would  eventually  become 
so  placed  with  regard  to  the  axis  of  rotation  that  that  would 
coincide  with  its  axis  of  principal  moment  of  inertia.  If,  how- 
ever, the  crust  were  free  to  obey  this  tendency  only  to  a  certain 
degree,   being  checked,  partly  by  the  rigidity  of  its  parts  not 
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allowing  it  to  adapt  itself  freely  to  its  altered  position  on  the 
spheroid,  partly  by  the  viscosity  of  the  liquid,  and  partly  by 
decrease  in  the  moment  of  the  forces  shifting  it ;  then,  the  crust 
having  progressed  as  far  as  it  was  permitted  to  do,  would  stick 
fast,  and  the  whole  would  commence  to  rotate  as  a  solid  body,  and 
the  principal  axis,  being  that  neither  of  the  crust  alone,  nor  of  the 
solid  nucleus  alone,  but  of  the  whole  mass,  would  come  to  coincide 
with  the  axis  of  rotation. 

Now  when  I  look  at  the  distribution  of  land  on  the  globe,  and 
observe  it  chiefly  confined  to  one  hemisphere,  and  arranged  in  a 
manner,  not  symmetrical,  but  with  an  approach  to  symmetry  as 
regards  moment  of  inertia  about  the  axis  of  rotation,  I  fancy  I  see 
an  indication  of  the  truth  of  the  supposition  advanced. 

It  is  possible  that  a  future  generation  of  geologists  may  be  able  to 
gather  some  information  regarding  the  interior  of  the  earth  from  the 
mysterious  phenomena  of  magnetic  variation.  But  at  present  we 
cannot  hope  for  much  help  from  this  quarter.  The  temptation, 
however,  is  too  great  to  forbear  quoting  from  Captain  Evans's  lecture 
a  very  striking  passage.*  ^*  These  are  a  few  facts  relating  to  secular 
changes  going  on  in  two  magnetic  elements  within  our  own  time ; 
and  what  are  the  inferences  to  be  drawn  therefrom  ?  They  appear 
to  me  to  lead  to  the  conclusion  that  movements,  certainly  beyond  our 
present  conception,  are  going  on  in  the  interior  of  the  earth ;  and 
that  so  far  as  the  evidence  presents  itself,  secular  changes  are  due 
to  these  movements,  and  not  to  external  causes.  We  are  thus  led 
back  to  Halley's  conception  of  an  internal  nucleus  or  inner  globe, 
itself  a  magnet,  rotating  within  the  outer  magnetised  shell  of  the 
earth."  This  is,  to  say  the  least,  in  very  remarkable  accordance  with 
the  conclusion  I  have  proposed  to  draw  from  geological  and  other 
oonsiderations. 

III. — ^A  List  of  thk  MiLDRSPORARiA  of  Crickley  Hill,  Glouoester- 
SHiRB,  WITH  Descriptions  of  some  New  Species. 

By  RoBB&T  F.  Tomes,  F.G.S.,  Oorr.  M.Z.S. 

A  CONSIDERABLE  part  of  the  material  forming  the  present 
communication  was  collected  as  long  ago  as  1862,  but  the 
specimens  obtained  at  that  time,  with  the  notes  thereon,  remained  in 
abeyance  until  quite  recently.  On  a  renewed  examination  of  them, 
it  appeared  that  much  of  what  had  been  noted  down  had  not  been 
superseded,  and  this  induced  me  to  go  through  the  whole  of  it 
again,  and  make  such  additions  and  modifications  as  seemed  necessary 
to  bring  it  into  its  present  form.  And  I  have  done  this  in  the  hope, 
and  indeed  in  the  belief,  that  it  will  serve  a  twofold  purpose.  It 
will  make  known  some  forms  which  are  new,  not  only  to  the 
particular  locality,  but  also  to  the  catalogue  of  English  species; 
and  it  will  furnish  a  more  complete  list  than  has  yet  appeared  of  the 
species  from  one  of  the  best-known  Coral-reefs  of  the  Inferior  Oolite. 
The  Crickley  Coral-reef,  according  to  Dr.  Wright,  is  the  lowest  of 

1  Lecture  at  the  Royal  Geographical  Sodefy,  March  11,  by  Oapt.  F.  J.  EvaxiSy 
C.B.,  F.B.S.,  Hydrographer  to  the  Admiralty,  Naturi^  May  16,  1878. 
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three  which  are  found  in  the  Inferior  Oolite  of  the  Olouoestershire 
Hills,  and  it  rests  on  the  Pisolite  or  Pea-grit 

I  oan  hardly  expect  that  the  following  list  comprehends  anything 
like  all  the  species  which  occur  at  Grickley :  most  likely  it  does  not 
even  include  all  those  which  have  been  collected,  and  are  known ; 
but  it  is  more  ample  than  any  one  which  has  yet  been  published, 
and  may  serve  as  a  basis  to  which  additions  and  corrections  may 
from  time  to  time  be  made.  All  the  specimens  to  which  I  shall  refer 
were  collected  by  the  Rev.  P.  B.  Brodie,  F.G.8.,  Mr.  J.  W.  Kirshaw, 
F.G.S.,  and  myself,  during  a  very  few  visits  made  by  us  to  that 
locality.  Many  of  the  species  were  found  in  aM;  but  some  of  them, 
though  of  unquestionable  authenticity  as  far  as  the  locality  is  con- 
cerned, cannot  be  placed  stratigraphically,  having  been  found 
amongst  the  weathered  debris  on  the  slopes  beneath  the  section. 
All  are  referable  to  two  families,  the  Aatraida  and  the  Fungida. 

Family  Astbkidjb. 
MoNTLrvALTiA  HoLU,  Duucau,  Supp.  Brit  Foss.  Cor.,  pt  iii.  p.  16, 
pi.  1,  fig.  5S, 
Two  examples  only  of  this  species  have  been  taken  directly  from 
the  Coral-bed  by  myself,  when  they  were  associated  with  the  follow- 
ing species,  monHivaltxa  Painswichi.  Both  of  them  exhibit  the 
calicular  peculiarities  mentioned  by  Prof.  Duncan,  but  externally  they 
differ  not  only  from  his  figure,  but  also  from  each  other.  They  are 
attached  to  a  worn  piece  of  a  ThamnaetrcBa,  and  are  very  crooked 
and  rugose.  They  have  much  the  appearance  of  springing  from  one 
root,  and  their  general  aspect  is  very  suggestive  of  some  species 
of  Thecosmilta,  In  both  specimens  the  margins  of  the  septa  are 
entire  and  quite  smooth. 

MoNTLivALTiA  Painswicki,  Duucau,  Supp.  Brit.  Foss.  Corals,  pt  3, 
p.  17,  pi.  2,  fig.  13. 
Of  this  species  several  examples  were  found  associated  with  the 
foregoing  in  the  Coral-bed,  and  all  of  them  possess  the  characters 
attributed  to  this  species  by  Prof.  Duncan.  They  vary  a  little,  chiefly 
in  not  being  equally  compressed,  but  in  every  instance  the  calice  is 
more  or  less  irregularly  ovoid,  with  a  slight  tendency  towards  a 
lobular  outline,  and  a  narrow  linear  base.  In  all  of  them  the 
principal  septa  meet  and  unite  in  the  centre  of  the  calice,  but  without 
forming  the  least  indication  of  a  columella. 

MoNTLrvALTiA  TBOOHOiDEs,  Edw.  and  Haime,  Ann.  des  Sci.  Nat  s.  3, 
vol.  X.  p.  229  (1848) ;  Brit  Foss.  Cor.  pt  ii.  p.  129,  pi.  xxvii. 
figs.  2-4. 
All  the  varieties  figured  by  MM.  Edwards  and  Haime  in  their 

History  of  British  Fossil  Corals  have  been  met  with  at  Crickley. 

Most  of  the  specimens  I  have  seen  have  lost  their  epitheca,  and  have 

been  otherwise  rubbed  and  damaged. 

MoMTuvALTiA  LENS,  Edw.  and  Haime,  Hist  Brit  Foss.  Cor.  pt.  ii. 
p.  133,  pi.  XX vL  figs.  7  and  8. 
Previously  to  1862  I  had  received  many  examples  of  this  species, 
>me  of  which  were  said  to  have  been  obtained  from  Crickley,  but 
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they  were  unaccompanied  by  any  information  respecting  the  particular 
bed  from  which  they  were  taken.  However,  in  that  year  I  took  two 
examples  from  the  Cephalopoda  bed  at  that  place,  and  I  have  no 
doubt,  from  the  similarity  of  the  matrix  in  all  of  them,  that  they  had 
been  derived  from  the  same  bed.  At  Dover's  Hill,  nter  Chipping 
Campden,  the  species  was  found  abundantly  a  few  years  since  in  a 
layer  of  soft  rufous  sandstone  underlying  the  Cephalopoda  bed.  It 
was  at  this  place  associated  with  anoUier  species  of  MontiivaUia  and 
a  species  of  ThamnastroBa, 

Oyjlthophylua  Oolitiojl,  n.s. 

The  genus  OyathophyUia  was  established  by  M.  de  Fromentel^ 
for  a  species  of  Coral  from  the  upper  beds  of  the  Middle  Lias  of 
Normandy.  It  resembles  the  genus  MonUivaUia,  excepting  that  it 
has  a  large  papillated  columella.  Since  the  appearance  of  the  de- 
scription of  the  genus  by  M.  de  Fromentel,  Dr.  E.  A.  Beuss'  has  added 
another  species  to  it,  in  a  paper  on  the  Miocene  Corals  of  Hungary. 
By  means  of  the  excellent  figures  and  descriptions  furnished  by  these 
authorities,  I  have  been  enabled  to  determine  a  much  worn  coral 
from  Crickley,  and  add  another  species  to  the  genus,  which  I  de- 
scribe thus. 

The  corallum  has  a  much  depressed  turbinate  form.  The  calice 
is  sub-ovoid,  slightly  convex,  with  a  sub-central  shallow  fossula, 
which  is  filled  by  a  large  oblong  and  papillated  columella.  The 
septa  are  numerous,  about  160  in  number  ;  they  are  straight,  pretty 
uniform  in  thickness,  and  about  50  pass  into  the  columella.  There 
is  considerable  irregularity  in  the  degree  of  development  of  the 
newer  cycles  of  septa.  The  columella  is  porous  and  papillose,  and 
the  processes  of  which  it  is  composed  are  curved  and  twisted,  some- 
what as  they  are  in  the  FarasmiUcB.  It  is  oblong  in  the  direction  of 
the  greatest  diameter  of  the  calice,  of  which  it  is  one-fifth  of  the 
length. 

The  margins  of  the  septa  have  been  worn  off,  but  their  connexion 
with  the  columella  is  very  clearly  shown.  The  epitbeca  appears  to 
have  deen  destroyed,  and  the  oostas  exhibit  between  them  well- 
marked  and  rather  numerous  dissepiments. 

Height  of  the  corallum  ^  inch ;  diameter  of  the  calice  If  inch. 

Thzcosmilia  gbegabia,  M'Coy,  sp.  MontiivaUia  gregaria,  M'Coy, 
Ann.  &  Mag.  N.  H.  ser.  2,  vol.  ii.,  p.  119  (1848). 
All  the  specimens  I  have  examined  have  been  found  amongst  the 
rubbish  which,  having  fallen  from  its  proper  bedding,  had  become 
weathered.  It  is  a  most  variable  species,  ranging  from  a  branching 
to  a  compact  coraL  Prof.  Duncan  observes  of  it :  "A  careful  study 
of  the  Thecotmilia  of  the  Inferior  Oolite  at  Crickley  has  enabled  me 
to  distinguish  five^very  remarkable  varieties  of  Thecosmilia  gregaria,** 
and  again  he  remarks:  ''There  are  specimens  of  Theeoamilia  gre- 
garia  in  Dr.  Wright's  collection,  which,  had  I  not  had  a  consider- 
able series  to  examine  from  other  sources,  might  have  been  associated 

*  Pal.  Franc.  Coral.  Terr.  Joras.  p.  86,  pi.  18,  f.  1. 

»  Sitzrmg.  Math.  Naturw.  Akad.  Wiaa.  bri.  Bd.  1,  Ab.  87,  Taf.  It.  f.  I  (18T0V 
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with  Beuss's  new  genus,  Heterogyra,  together  with  Symphyllia  and 
Latimaandra"^ 

I  think,  however,  that,  variable  as  this  species  may  be,  some  of  the 
so-called  varieties  will  eventually  prove  to  be  distinct.  When  all 
the  young  forms  of  these  several  varieties  have  been  recognized, 
and  a  full  series  of  examples  of  different  ages  have  been  compared 
and  their  successive  growth  traced  out,  it  is  more  than  probable  that 
their  distinctive  characters  will  assume  a  more  definite  form. 

Thbcosmilia  Wbighti,  Dune,  Supp.  Brit  Cor.  pt  iiL  p.  17,  pL  v. 
figs.  1,  2,  3,  4  (1872). 
Many  fragments  of  this  species  occur  in  the  Coral-bed  at  Crickley, 
but  none  that  I  have  met  with  have  been  sufficiently  perfect  to  give 
any  indication  of  the  height  attained  by  the  corallum,  but  their 
straightness  and  the  unfrequency  of  forked  pieces  may  be  taken  as 
suggestive  of  a  tall  species.  The  straightness  and  parallel  arrange- 
ment of  the  branches  in  Prof.  Duncan's  figure  would  seem  to  point 
to  the  same  conclusion. 

Thioosmilia  ramosa,  d'Orbig.,  Prodr.  de  Paleont  t.  L  p.  292.  (1850). 

A  small  species  of  this  genus,  of  which  I  have  as  yet  seen  but  one 
specimen,  appears  to  resemble  the  T.  ramosa  of  M.  d*Orbigny  in 
the  size  of  its  calicos,  and  in  having  four  cycles  of  unequal  septa. 

To  the  very  brief  description  of  M.  d'Orbigny  I  add  the 
following : — 

Corallites  free,  much  curved,  and  enlarging  slowly.  They  are 
very  rugose,  and  each  one  is  incased  in  a  thick  epitheca,  strongly 
marked  with  concentric  folds  and  wrinkles. 

Walls  thick,  calicos  round,  but  becoming  ovoid  before  dividing 
into  two.  Septa  irregular.  The  first  and  second  cycles  meeting  in 
the  centre  of  the  calice,  thicken  and  unite  and  form  an  irregular 
but  rather  large  columella. 

Height  of  the  corallites  from  one  to  two  inches,  diameter  of  the 
calicos  three  to  four  lines. 

It  was  obtained  from  the  Crickley  Coral-zone  by  my  friend  Mr. 
J.  W.  Eirshaw,  F.G.8.,  and  kindly  given  by  him  to  me. 

IsASTRiBA  TKNUiSTRiATA,  Edw.  and  Haimo,  Brit.  Foss.  Cor.  pt  iL 
u  138,  pi.  XXX.  fig.  1 ;  Hist.  Nat  des  Coral,  tom.  ii.  p.  532 ; 
"1.  de  From.  Etude  Polyp.  Foss.  p.  226. 
AsTBEA  TENuiSTBiATA,  M'Coy,  Ann.  &  Mag.  Nat  Hist  ser.  2,  vol.  ii. 
p.  400(1848). 
Of  this  rather  remarkable  species  I  have  up  to  the  present  time 
only  made  a  superficial  examination,  but  I  am  led  to  suspect,  from 
the  appearance  of  some  of  the  calicos,  that  more  intimate  research 
would  reveal  characters  not  wholly  those  of  typical  Isaatnea.     On 
some  parts  of  the  calicular  surface  a  distinct  flat  depressed  space  is 
visible  between  the  calicos,  over  which  the  septa  (costsB  ?)  pass,  and 
unite  with  those  of  contiguous  calicos.     This  species  appears,  as  far 
M  oonolusions  may  be  drawn  from  external  appearances  only,  to 
hold  some  affinity  with  the  genus  Confusaatnea. 

^  Supp.  Brit  Fob.  Cor.  pt  iiL  p.  2,  1872. 


I. 
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Jbastbjba  xxpansa,  n.8. 

Many  fragments  of  a  very  thin  and  expanded  species  of  Isastraa 
were  taken  by  myself  at  Criokley  before  I  suooeeded  in  obtaining  a 
sufficiently  perfect  specimen  for  description.  By  carrying  away 
some  large  lamps  of  the  soft  cream-coloured  Coral-bed,  and  ex- 
tracting with  care  the  corals  contained  in  them,  I  obtained  good 
examples  of  many  of  the  species  mentioned  in  this  paper,  and 
amongst  them  a  series  of  the  species  which  I  now  describe  imder 
the  above  name. 

Corallum  consisting  of  a  thin  irregular  horizontal  plate  supported 
on  a  sub-central  peduncle.  The  upper  or  calicular  surface  is  undu- 
lating and  has  a  very  thin  outer  margin.  The  peduncle  is  short, 
irregular  in  form,  and  very  rugose.  Both  it  and  the  inferior  surface 
of  the  expanded  part  of  the  corallum  have  a  well-developed  epitheca, 
which  is  strongly  marked  with  concentric  folds  or  ridges. 

The  calices  over  the  peduncle  are  somewhat  hexagonal,  but  as 
they  approach  the  outer  boundary  of  the  corallum  they  assume  a 
somewhat  rounded,  ovoid,  or  lozenge  shape,  their  greatest  diameter 
being  in  the  direction  of  their  progressive  growth,  that  is,  from  the 
centre  towards  the  circumference  of  the  condlum.  They  are  rather 
superficial,  and  the  intercalicular  or  mural  species  consist  of  thick 
rounded  ridges,  constituting  the  walls. 

The  septa  are  about  33  in  number,  and  form  four  cycla,  of  which 
the  fourth  is  incomplete.  Those  of  the  first  and  second  cycla 
approach  nearly  to  the  centre  of  the  visceral  cavity  and  have  their 
inner  extremities  thickened  sufficiently  to  give  something  the  ap- 
pearance of  a  coronet  of  pali.  The  septa  of  the  third  cycle  are 
about  two-thirds  of  the  length  of  those  of  the  first  and  second,  and 
those  of  the  fourth  are  quite  short.  All  of  them  have  a  rounded 
superior  margin  and  a  granulated  surface,  and  they  are  continued 
over  the  top  of  the  tumid  walls  and  are  continuous  with  those  of 
contiguous  calices. 

Diameter  of  the  calices  1^  to  2  lines. 

The  general  form  of  this  species  is  sufficient  to  distinguish  it  from 
all  other  British  species  of  IsastroBCB,  The  form  too  of  the  calices  is 
distinctive,  more  especially  in  the  worn  examples,  in  which  the 
thick  walls  are  most  visible.  In  these  the  calices  are  seen  to  have 
but  little  angularity,  but  resemble  shallow  cups  having  a  pretty 
regularly  rounded  or  ovoid  form. 

The  species  to  which  it  bears  the  greatest  resemblance  by  the 
structure  of  its  calices  and  walls  is  the  Isaatraa  foliacea  of 
M.  de  Fromentel,  from  which  however  it  is  specifically  quite  distinct. 

Latimjbandba  Flehingi,  Edw.  and  Haime,  Brit  Foss.  Oor.,  pt.  ii. 
p.  136,  pi.  xxvii.  f.  9. 

Examples  of  this  species  are  not  rare  at  Crickley,  and  some  of  them 
exhibit  a  peculiarity  which  is  not  common  in  the  Oolitic  Isaatraa. 

The  near  connexion  of  the  genus  LatinuBandra  with  the  genus 
IsaetroBa  has  been  noticed  by  MM.  Edwards  and  Haime  in  their 
History  of  British  Fossil  GonJs  (part  iL  p.  137),  and  agBiia  \xl  t\i^\£ 
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Histoire  Naturelle  des  Goralliaires  (tome  iL  p.  543).  In  the  latter 
work  they  obserre:  "Ce  groupe  est  tr^s-voisin  des  Isastrees:  il 
s'en  distingue  par  I'absence  d'^pitheque  et  la  tendance  de  ses  poly- 
perites  &  former  des  series  plus  on  moins  longues." 

Prof.  Doncan,  in  bis  Supplement  to  the  History  of  British  Fossil 
Corals  (part  iii.  p.  18),  observes  of  this  species :  ''  Many  portions  of 
the  corsdlum  do  not  present  serial  calices,  and  if  sudi  fragments 
were  found  separate,  they  would  necessarily  be  associated  with  the 
genus  Isastraa,^* 

Neither  of  these  palssontologists,  nor  yet  M.  de  Fromentel,  appear 
to  have  observed  a  peculiarity  which  is  seen  in  some  specimens  of 
LatinuBandra  Flemingi  from  Crickley,  and  that  is,  the  total  absence 
of  a  common  or  enclosing  wall,  and  the  consequently  exposed  and 
open  condition  of  the  inferior  extremities  of  the  oorallites.  This 
is  not  a  common  character  amongst  the  Oolitic  laastroBCBf  though  it 
prevails  amongst  the  Liassic  species. 

CiAUSABTBAA  ooNSOBBiNJL  ?  Ed.  and  Haime. 
PaL  Foss.  des  terr.  Paleon.  p.  107  (1851).    Hist  Nat.  Cor.  torn.  iL 

p.  552  (1857). 
£.  de  From.,  Intro.  Etud.  Pol.  Fos.  p.  281  (1858-61). 
Synastrma  eontobrinat  d'Orb.,  Prod,  de  Pal.  Franc,  t.  i.  p.  293  (1850). 

I  have  seen  one  specimen  only  of  a  coral  which  I  refer  with  some 
doubt  to  the  above  species.  It  was  taken  from  the  Ooral-bed  by 
myself  in  1862.  It  agrees  so  closely  with  the  description  given 
by  MM.  Edwards  and  Haime  of  ClaiisoBtrcMt  cotMip&rtna.  as  well  as 
with  that  of  M.  de  Fromentel,  that  I  have  referred  it  to  that  species, 
though  with  some  doubt. 

The  corallum  has  the  thin  and  expanded  form  so  common  amongst 
the  Orickley  corals.  The  calices,  though  superficial,  are  symmetrically 
round,  and  the  septa  somewhat  exsert,  with  a  smedl  but  well- 
defined  circular  fossula.  The  septo-costal  rays  are  continuous  in 
adjacent  calices,  though  not  as  in  the  genus  ThamnastroBCLy  but 
often  meeting  and  uniting  at  an  angle  on  the  mural  region.  The 
walls  are  either  wholly  wanting  or  merely  rudimentary,  and  the 
dissepiments  are  well  developed  and  domeshaped. 

M.  de  Fromentel  places  the  genus  ClauaasircBa  amongst  the 
Zoantharia  Tahulata  on  account  of  the  dissepiments  taking  the 
position  of  tabulad.  In  my  specimen,  though  they  are  on  nearly 
the  same  planes,  they  preserve  the  character  of  true  dissepiments, 
and  can  scarcely  be  said  to  form  tabulae. 

Family  Fungid*. 

Genus  Theooseris,  E.  de  From. 
M.  de  Fromentel  thus  characterizes  this  genus.  Corallum  elevated 
and  regularly  turbinate.  Calicular  fossa,  when  it  exists,  round. 
Most  commonly  the  septa  are  united  in  the  centre  of  the  calice,  and 
form  a  false  columella.  They  are  fine,  numerous,  often  anasto- 
mozing,  and  finally  denticulated.  They  are  never  exsert,  and  the 
calice  is  generally  concave.  The  epitheca  is  strong,  well  developed, 
in  folds^  and  reaching  to  the  margin  of  the  calice. 
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The  type  is  21  pateUaia,  E.  de  From,  et  Fery,  Paleont.  Franc. 
Terr.  Juras.  pi.  68,  fig.  2  (1869).     From  the  Middle  Lias. 

The  description  of  the  genus  appears  in  the  Palseont  Franc.  Terr. 
Cr^tacee,  p.  367. 

Thsoosbbib  poltmobpha,  n.B. 

Corallum  simple,  variable  in  form,  but  always  more  or  less  tur- 
binate, and  non-attached. 

The  wall  is  thin,  its  superior  margin  prominent,  undulating  and 
soraetimes  almost  foliaceous. 

Costsa,  when  exposed  by  abrasion  of  the  epitheca,  numerous, 
delicate,  and  with  lateral  synapticulee  feebly  developed. 

Epitheca  thick,  rugose,  and  exhibiting  distinct  rings  of  growth. 

Calice  shallow,  concave,  and  extremely  variable  in  outline.  Fossula 
small,  but  round  and  well  defined. 

Septa  rather  numerous,  somewhat  flexuous,  irregular  in  thickness, 
and  not  diminishing  as  they  approach  the  calicnlar  fossula.  Those 
of  the  younger  cycles  pass  into  those  of  the  older  ones. 

SynapticulsB  feebly  developed. 

Height  of  the  corallum  ^  to  1^  inches.  Diameter  of  the*  calice  1 
to  1^  inches.  This  appears  to  be  a  common  species  in  the  Ooral- 
bed  at  Crickley. 

The  genus  Thecoseris  appears  to  be  nearly  related  to  Troehoserts^ 
but  differs  most  essentially  from  it  in  having  no  columella.  In  this 
respect  it  resembles  the  genus  Turhinoseris  as  defined  by  Prof.  Duncan.^ 
In  the  only  example  appertaining  to  this  latter  genus  which  I  have 
been  able  to  examine  (a  specimen  of  Turhinoseris  De  Fromenieli, 
Duncan,  from  the  Lower  Greensand  of  Atherfield),  the  calice  is  a 
little  convex  with  a  slightly  everted  margin,  and  with  a  shallow 
round  fossula.  It  bears  very  considerable  resemblance  to  some 
examples  with  unworn  calices,  of  Podoseris  mamilUformis,  Duncan, 
from  the  Bed  Chalk  of  Hunstanton,'  but  it  differs  essentially  in  not 
having  any  epitheca.  The  Podoseris  mamiUiformis  is  a  particularly 
-variable  species,  as  far  as  form  is  concerned,  many  specimens  having 
a  turbinate  form  with  a  depressed  calice,  and  a  small  but  well- 
marked  central  fossula.  Yet  all  which  I  have  examined  (in  number 
considerably  more  than  a  hundred)  have  had  a  well-defined  epitheca. 
But  the  existence  of  an  epitheca  in  this  species  is  rendered  less  im- 
portant in  a  generic  point  of  view  by  the  feeble  degree  of  its  develop- 
ment in  another  species  described  by  Dr.  Duncan  from  the  Oolite  of 
Dorsetshire,  under  the  name  of  Podoseris  eonstricta.^  Besides  the 
want  of  a  well-developed  epitheca,  this  species  further  departs  from 
the  original  definition  of  the  genus  Podoseris  by  having  a  small 
instead  of  a  large  base.  These  peculiarities  help  to  bring  Podoseris 
in  nearer  relationship  with  Turhinoseris ;  and  with  a  more  ample 
list  of  species  representing  the  genera  Thecoseris,  Podoseris,  and 
Turhinoseris,  it  is  quite  probable  that  they  may  require  reconsidera- 
tion. 

1  Supp.  Brit.  Fo8.  Cor.  pt.  ii.  No.  2,  p.  42  (1870). 
*  Supp.  Brit.  Fot.  Cor.  pt.  ii.  No.  1,  p.  25  (1869). 
'  Snpp.  Brit.  Foe.  Cor.  pt.  iiL  p.  24  (l872). 
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ThamkastrAa  Dkfranoiaka,  Edw.  et  Haime,  Pol.  des  Terr.  Paleon. 

p.  110  (1861) ;  Brit  Foes.  Corals,  pt.  ii.  p.  139,  pi.  29,  ^g.  3 

and  4 ;  Hist  Nat  CoraL  torn.  ii.  p.  561.     Astraa  Defranciana, 

Mich.  Icon.  p.  9,  pi.  2,  fig.  1  (1840). 

In  Michelin's  figure  the  calioes  are  more  concentrically  arranged 

than  in  any  example  I  have  met  with.     This  appears  to  be  a 

common  species  at  Crickley. 

THAMNASTBiEA  TssQXTSMi,  Edw.  ct  Haimc,  Pal.  des  Terr.  Paleon. 

p.  110  (1851) ;  Brit  Foss.  Coral,  pt  ii.  p.  140,  pL  xxx.  fig.  2  ; 

Hist  Nat  Coral,  tom.  ii.  p.  579. 
In  most  of  the  species  from  Crickley  the  basal  portion  is  much 
less  symmetrical  than  in  the  figure  given  by  Edwards  and  Haime 
in  their  History  of  British  Fossil  Corals.  In  many  examples  the 
epitheca  is  gone,  and  the  whole  of  the  inferior  part  of  the  corallum 
has  a  more  or  less  lobular  form,  and  the  outline  of  the  calicular 
surface  has  a  corresponding  degree  of  irregularity  in  its  outline. 

Thamnastbjba  Mettsnsis,  Edw.   and  Haime,  Brit.  Foss.  Corals, 
pt.  ii.  p.  141,  pL  XXX,  fig.  3 ;  E.  de  From.,  Introd.  &  TEtude 
Pol.  p.  214. 
This  appears  to  be  abundant  at  Crickley. 

Thamnastraa  Lyelli  ?  Edw.  and  Haime,  Brit.  Foss.  Corals,  pt  ii. 
p.  118,  pi.  xxi.  fig.  4. 

I  refer  a  dendroid  species  from  Crickley  to  this  species  with  great 
hesitation.  Only  one  fragment  has  been  examined,  and  it  is  so 
very  crystalline  that  no  internal  examination  can  be  made. 

The  columella  appears  to  be  rudimentary  or  wanting.  The  con- 
fluent sep to-costal  rays  are  arranged  transversely  with  the  axis  of 
the  branches,  and  the  calices  have  a  much  clearer  definition  than 
those  of  most  of  the  species  of  Thamnastraa. 

Thahkastbaa  Fbomknteli,  n.s. 

Corallum  thin  and  expanded.  Above,  somewhat  convex  with 
irregular  prominences ;  below,  concave.  There  is  no  epitheca.  The 
calicular  surface  has  one  central  large  calice,  surrounded  by  many 
small  ones  scattered  irregularly  about  They  are  small,  superficial, 
and  indistitict,  and  a  very  few  septa  enter  into  their  composition. 
There  is  no  columella.  The  septo-costal  rays  are  very  thin  and 
flexuous.  They  have  a  very  distinctly  radiate  arrangement,  and  are 
traceable  from  the  large  central  calice  outwards  to  the  margin  of 
the  corallum.  The  synapticulaa  are  abundant  thicker  than  the  septa 
from  which  they  spring,  cuneiform,  and  their  points  meet  in  the 
interseptal  loculi. 

Diameter  of  the  corallum  S^  inches ;  height  of  the  corallum  in 
the  centre  f  inch. 

The  large  central  calice  and  the  slight  development  of  the  sur- 
rounding small  ones,  with  the  radiate  disposition  of  the  very  thin 
septo-costal  rays,  will  at  once  distinguish  this  species. 

One  specimen  only  has  been  examined  by  me.  It  was  obtained  at 
X/iidkley,  but  its  position  in  the  section  was  not  ascertained. 
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DiMOBPHASTBJEA  DUBiA,  E.  do  From.,  Introd.  &  I'Etude  des  Polyp. 
Fob.  p.  224  (1868—1861). 

Seveiul  examples  of  a  GoraJ  have  been  obtained  directly  from  the 
Coral-bed  of  Criokley  which  appear  to  answer  to  the  description  of 
the  D.  dvibia  of  M.  de  Fromentel,  which  is  recorded  by  him  as  occur* 
ring  in  the  Coralline  Oolite  of  Nathein,  in  Wurtemburg.  They  all 
differ  from  that  species,  however,  and  indeed  from  the  genus  DimoT' 
phaatrcBa,  in  having  a  well-developed  epitheca.  In  well-preserved 
specimens  the  calices  are  placed  in  the  bottom  of  circular  grooves, 
surrounding  the  central,  or  parent  calice.  These  grooves  have  some- 
thing the  appearance  of  the  calicular  furrows  in  Latimaandra,  but  in 
much  worn  or  polished  specimens  the  calices  are  seen  to  be  at  equal 
distances  from  each  other,  and  in  circles.  In  no  example  is  there 
any  trace  of  columella.  The  large  central  calice,  and  the  regular 
disposition  of  the  smaller  ones  around  it,  will  identify  the  species 
with  the  above  genus ;  though  the  calicular  furrows  might  at  first 
sight  lead  to  the  supposition  that  it  is  referable  to  some  species  of 
the  genus  Oroaeris, 

The  foregoing  species,  with  the  exception  of  Montlivaltia  lens, 
occur,  there  is  no  doubt,  in  what  Dr.  Wright  designates  the  Lower 
Coral  Beef  of  the  Gloucestershire  Hills ;  for  although  some  of  them 
were  not  taken  directly  from  the  reef,  but  were  found  weathered  out 
on  the  slope  below,  the  nature  of  the  still  partially  investing  matrix 
points  out  pretty  clearly  the  source  from  which  they  were  derived. 

The  occurrence  of  Montlivaltia  lens  in  the  Cephalopoda-bed,  at 
Crickley  and  near  Chipping  Campden,  and  associated  at  the  latter 
place  with  two  other  species  of  Corals,  is  interesting  as  showing  an 
approach  to  those  conditions  of  oceanic  life  which  became  shortly 
afterwards  so  highly  favourable  to  the  growth  of  Coralline  existence. 

A  peculiarity  observable  in  many  of  the  Crickley  Corals  is  their 
thin  and  expanded  form.  This  is  more  especially  the  case  with 
Isastrcea  expansa,  dausastrcBa  consobrina,  Thamnastroea  Mettensis  and 
Th.  Fromenteli,  In  some  others  this  peculiarity,  though  less  dis- 
tinctly marked,  is  not  wholly  absent  ThamnastrcBa  Defrandana, 
TJl  Terquemi,  and  DimorphaatroBa  dubia,  while  characterized  by  a 
somewhat  turbinate  form,  are  nevertheless  often  so  much  depressed 
as  to  become  almost  disooid,  with  a  somewhat  foliaceous  margin. 

lY. — The  late  Pbofessob  Phillips  on  the  Nobth  Devon  Books  ; 

WITH     AN     InTHODUOTOBY     NoTE 

By  TowNSHBND  M.  Hall,  F.G.S. 

11  HE  Meeting  of  the  British  Association  at  Plymouth  has  not 
unnaturally  been  the  means  of  directing  attention  to  some  of 
the  most  complex  points  of  Devonshire  geology,  and  of  reviving  the 
discussion  as  to  the  age  and  position  of  the  Devonian  series  in 
North  and  South  Devon.  Mr.  Jukes,  it  will  be  remembered,  died 
in  1869.  Had  he  lived  longer,  his  energy  of  purpose  would 
doubtless  have  led  him  to  carry  on  the  work  he  had  begun,  until 
he  could  either  prove  the  correctness  of  his  views,  or  satisfy  himself 
that  the  generally  accepted  classification  was,  after  all,  lVi«  t\^\.  qti<^. 
DBCADB  n. — you  T.— iro.  YU,  ^^ 


806  T.  M.  Hall— On  the  Bocks  of  N.  Devon. 

The  followers  of  Jukee  seem  to  confine  themselves  to  those  portions 
only  of  the  district  which  he  had  more  specially  studied — North 
Somerset,  Lynton  and  Pickwell  Down ;  searching  in  almost  hopeless 
despair  amongst  the  lower  rocks,  instead  of  beginning  at  the  other 
end  of  the  scale,  with  the  Millstone-grit,  and  tracing  the  beds 
downwards.  As  a  resnlt,  the  fossiliferous  beds  of  the  Upper 
Devonian  have  been  almost  entirely  neglected,  and  their  relation  to 
the  Carboniferous  slates  passed  over. 

Possibly  the  real  question  at  issue  may  not  be  settled  in  a  satis- 
factory manner  until  we  get  a  new  Ordnance  Survey,  with  a  six- 
inch  map  on  which  to  lay  down  our  observations ;  but  in  the  mean 
time  I  would  submit  that  there  was  one  geologist  whose  opinions 
on  the  subject,  had  they  been  made  equally  public,  would  have  been 
leceived  with  all  the  respect  due  to  his  great  local  knowledge,  and 
his  well-known  caution  in  drawing  inferences  from  facts.  The 
author  of  the  ^  Palasozoic  Fossils  of  GomwaU,  Devon  and  West 
Somerset "  can  no  more  use  his  pen  in  defence  of  the  Devonian 
rocks ;  but  as  one  of  his  former  pupils  at  Oxford,  I  know  well  the 
unfailing  interest  he  retained  in  everything  relating  to  Devonshire, 
both  before  and  after  Mr.  Jukes's  first  paper  was  reiad  to  the  Boyal 
Qeologi(»d  Society  of  Ireland,  in  May,  1865. 

The  last  visit  paid  by  Prof.  Phillips  to  North  Devon  was  in 
August,  1869.  At  the  dose  of  the  Exeter  Meeting  of  the  British 
Association,  an  excursion  was  made  by  ^bout  200  of  the  members  to 
Bideford  and  Westward  Ho  1  and  having  been  selected  as  the  guide 
for  the  occasion,  I  asked  my  old  master  some  days  previously  if  he 
would  add  a  few  words  to  what  I  was  about  to  say  with  reference  to 
the  North  Devon  rocks.  This,  with  his  usual  kindness,  he  agreed 
to  do ;  and  the  short  address  he  then  gave  was,  it  is  believed,  the 
only  one  in  which  he  publicly  stated  his  views  on  the  controversy 
which  at  that  time  had  apparently  been  brought  to  a  termination  by 
Mr.  Etheridge's  exhaustive  paper,^  and  by  the  subsequent  death  of 
Mr.  Jukes.  Now  the  question  has  been  re-opened,  it  seems  only 
fair  that  the  opinions  of  one  who  was  in  every  way  so  well  qualified 
to  form  and  express  them  should  be  put  on  record  for  future  use  in 
a  more  permanent  shape  than  that  of  a  newspaper  cutting. 

As  regards  the  accuracy  of  the  following  reprint,  I  may  say  that 
the  proofs  were  corrected  by  Prof.  Phillips ;  and  on  subsequently 
receiving  copies  of  the  North  Devon  Journal  in  which  it  appeared, 
he  wrote  to  me  from  Oxford  : — "  The  account  is  veiy  accurate ;  and 
I  wonder  how  any  stenographer  could  take  down  the  eirea  irrepoana 
from  the  perch  of  rocks.  In  two  parts  only  is  there  anything  which 
has  struck  me  as  requiring  amendment, — when  Murchison  and 
Sedgwick  are  mentioned,  they  seem  to  oppose  one  another.  Not  so. 
They  should  be  quoted  as  opposing  De  la  Beche's  classification,  and 
rightly  so.  Say  *  immediately  his  conclusion  was  disputed  by,'  and 
again  a  little  earlier,  for  'terms  then  unknown,'  read  'then  not 
unknown.'  "* 

1  Quart.  Jonm.  Geo!.  Soc.  vol.  xxiii.  p.  568. 
'  Theee  correctioiiB  are  shown  in  italics. 
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Addbsbb  DBLirnuH)  BT  Profbbsob  PHiLLiPt  AT  Wbstwabd  Ho!  Nobth 

Dbyom,  AuopsT  26,  1869. 

Ladies  and  Grentlemen, — All  that  we  now  see  in  action — all  the 
force  of  the  waters  and  all  the  effect  of  the  wind — has  been  in  opera- 
tion through  an  immensity  of  time.  At  some  time  removed  from  the 
present  was  formed  the  deposit  which  we  have  just  been  looking  at. 
At  some  earlier  time  than  that  the  sea-coast  underwent  great  changes 
of  level  with  reference  to  the  water,  and  here  you  have  one  of  the 
most  conspicuous  examples  of  a  raised  beach,  proving  to  you  that  at 
the  time  when  it  was  formed  the  action  of  the  water  was  of  the  same 
nature  as  now  it  is  in  the  distribution  of  these  large  pebbles,  that 
these  pebbles  are  of  the  same  order,  coming  from  the  same  quarter, 
and  finally  ground  down  to  masses  of  about  the  same  magnitude. 
You  see,  also,  that  the  ancient  deposit  of  the  beach  was  of  con- 
siderable thickness,  and  over  the  pebbles  other  matters  have  increased 
which  deserve  a  careful  scrutiny.  At  an  earlier  date  than  that  this 
country  was  raised  out  of  the  water  undek*  which  it  was  formed. 
All  the  features  of  North  Devon  and  South  Devon  primarily  depend 
on  the  movements  which  have  taken  place  from  below,  which  have 
uplifted  ridges  of  mountains  and  formed  in  the  alternating  spaces 
hollows.  Then  there  has  come  over  the  surface  the  enormous  action 
of  long  time  and  atmospheric  waste,  and  what  we  see  at  the  present 
moment  in  every  hill  and  valley,  every  waterfall  and  every  stone,  is 
not  merely  the  great  force  of  ancient  nature  which  sketched  out  the 
foims  of  continents  and  islands,  but  the  subsequent  action  of  ordinary 
daily,  hourly,  atmospheric  agencies  upon  the  surface ;  so  that  many 
persons  who  have  satisfied  themselves  of  the  importanoe  of  diluvial 
agency  in  producing  great  changes  on  the  surface  of  the  earth  are 
very  much  in  the  habit  of  believing  that  there  is  no  necessity  for 
supposing  that  anything  else  than  nun  and  rivers  is  required  to 
produce  dJU  the  main  changes,  all  the  principal  features  of  our  interior 
geography.  Now,  if  you  keep  in  your  minds  the  fundamental  pro- 
position that  every  one  of  these  stratifications  we  see  on  the  north 
and  on  the  south  have  been  formed  under  the  influence  of  the  sea, 
that  these  almost  vertical  rocks  were  at  one  time  laid  flat,  that  they 
have  laminations  in  which  are  shells  of  the  period,  and  many  marks 
proving  beyond  a  doubt  the  original  nearly-horizontal  deposition  of 
this  strata,  you  will  perceive  that  in  order  to  have  the  first  elemen- 
tary notions  of  the  relation  of  the  different  parts  of  the  land  one 
to  the  other,  we  must  study  those  monuments  that  are  so  clear  (and 
nowhere  so  clear  as  on  this  coast),  of  the  fact  of  the  immense 
elevation  of  the  ancient  sea-beds  in  order  to  produce  the  main 
features  of  our  interior  land. 

Now,  as  you  pass  from  this  part  to  the  northern  coast  there  are 
some  undulations  in  the  general  course  of  the  stratification,  but  in  a 
general  manner  they  rise  from  the  northward,  and  the  lower  strata 
of  North  Devon  are  found  on  the  northern  shore.  Afterwards  as 
you  pass  by  the  stratification  of  Bideford  and  that  district  in  which 
the  Culm  deposits  occur  (as  referred  to  by  Mr.  Hall),  as  you  go 
southward  the  stratification  undergoes  many  undulatlowft)  w^m<^  ^^^x!^ 
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of  the  sea-bed   having  been   raised  and  some  parts  haying  been 
depressed,  until  you  reach  the  granite   of  Dartmoor,  where  the 
stratification  turns  up  against  the  great  mass  of  granite  rock  upon 
which  until  reoently  opinion  was  not  divided.     It  has  always  been 
imagined  to  be  a  mass  of  rock  fused  by  the  hot  interior  of  Uie  globe, 
pressed  upwards  with  great  energy,  and  throwing  up  its  stratifi- 
cation towards  the  north  and  the  south.     But  all  human  opinions 
change,~-eyen  the  opinions  of  scientific  men  who  are  supposed  to 
have  most  prejudiced  notions  with  reference  to  their  theories.     Now, 
some  scientific  men  believe  that  the  granite  is  the  product  of  water 
and  not  of  heat  I  must  tell  you  frankly  that  I  do  not  believe  them — 
on  the  contrary,  I  think  there  is  evidence — absolutely  perfect  evi- 
denced—that the  granitic  rocks  were  produced  at  a  very  great  depth 
in  the  interior  of  the  earth.    No  doubt  water  was  present,  but  the 
granite  was  never  dissolved  in  masses  by  its  action.    They  were 
solidified  in  the  presence  of  water,  and  they  contain  small  quantities 
of  water  in  some  of  their  crystals ;  a  thing  no  more  to  be  wondered 
at  than  that  there  is  air  in  the  sea  and  water  in  every  one  of  the 
stones  we  see  around  us.    Now,  the  stratification  which  rests  on  this 
granite  has  been  perfectly  traced,  and  in  all  the  districts  of  Devon 
there  is  no  more  interesting  study  than  this  oounty  to  the  northward. 
And  what  is  curious  is  the  fact  that  the  stratification  is  clear  in  its 
continuity.    In  the  Bideford  strata  you  have  the  lower  Goal  deposits, 
and  at  Barnstaple  you  arrive  at  the  Carboniferous  age :  then  you 
have  the  Pilton  strata,  mentioned  by  Mr.  Hall,  until  you  come  to  the 
strata  of  Lynton  and  the  red  rocks  of  the  Foreland.     The  stratifi- 
cation is  in  regular  order,— on  the  whole  running  from  north  to 
south,  and  the  sequence  of  the  different  strata  is  well  known,  though 
I  trust  it  will  be  better  known  in  a  few  years  by  the  continued 
labours  of  my  friend  Mr.  HaU,  to  whom  we  are  extremely  obliged 
for  acting  as  our  conductor  on  this  occasion.     He  lives  on  the  spot 
which  is  so  celebrated  for  its  fossils — Pilton  is  his  native  home,  and 
I  am  sure  that  in  future  years  we  shall  live  to  acknowledge  his 
efficient  and  painstaking  researches.     What  are  these  strata  which 
have  been  pointed  out  to  us  ?     When  Sir  Henry  De  la  Beche,  in  the 
year  1836,  published  his  book  on  "The  (Jeology  of  Cornwall,  Devon, 
and  West  Somerset,"  he  considered  that  at  that  time  terms,  which 
were  then  [not]  unknown,  such  as  "  the  transition  series  of  rocks  " 
and  the  "  grey wacke  group,"  could  be  applied  to  large  portions  of 
this  county  of  Devonshire ;  but  when  afterwards  sections  of  the 
district  were  obtained  with  the  greatest  accuracy,  it  was  found  that 
he  was  apparently  quite  wrong  in  his  interpretation  of  the  whole  of 
the  strata  from  Bideford,  southward  to  Dartmoor,  for  he  referred 
these  deposits  to  an  age  much  older  than  the  deposits  on  the 
northern  side,  and  they  are  now  known  to  be  much  younger.     You 
may  think  this  was  a  great  fault,  but  in  my  opinion  it  was  a  small 
one  considering  the  wonderful  accuracy  of  the  greater  part  of  his 
work.     It  was  in  consequence  of  a  discussion  on  his  observations 
that  I  first  had  an  opportunity  of  making  an  acquaintance  with 
^carth  Devon,  for  immediately  there  was  a  dispute  between  [Aia 
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eonelusion  was  disputed  hy"]  Professor  Sedgwick  and  Sir  Boderick 
Murchison,  and  there  was  a  doubt  on  the  subject,  I  received  a  com- 
mission from  the  Government  to  investigate  the  matter,  being 
supposed  to  be  an  impartial  kind  of  person  who  was  not  disposed 
to  accept  any  conclusion  very  hastily,  whilst  giving  to  every  one 
the  right  to  form  an  independent  judgment  of  his  own.  I  was  sent 
for  the  purpose  of  expressing  an  opinion  on  the  point,  and  in  con- 
sequence I  published  a  book  on  the  subject. 

With  reference  to  the  country  to  the  North,  still  the  question 
remains,  **  What  are  we  to  call  it  ?"  Many  are  disposed  to  say  that 
a  greater  portion  of  the  stratification  of  North  Devon  might  be 
joined  with  those  great  series  of  rocks  containing  the  anthracite,  or 
culm,  in  the  neighbourhood  of  Bideford,  and  become  a  part  of  the 
Carboniferous  system.  Others,  on  the  contrary,  think  that  some 
portions,  especially  to  the  northward,  ought  to  be  joined  to  the 
Silurian  series.  Now,  I  think  that  scientific  men  are  often  greatly 
mistaken  as  to  the  features  of  particular  tracts  of  country.  You 
kno^  the  general  history  of  Belgium — ^how  1,800  years  ago  it  was 
peopled  by  tribes  who  settled  on  a  soil  foreign  to  themselves,  and 
they  have  held  it  as  well  as  they  could  against  the  Grermans  (the 
Silurians)  on  the  one  side,  and  the  French  (the  Carboniferous  series) 
on  the  other.  Well,  at  the  time  when  France  swallows  up  Belgium, 
or  when,  more  probably,  France  and  Germany^ take  a  slice  each, 
then  I  hope  (and  not  before)  we  shall  have  settled  this  question 
about  the  stratification  of  North  Devon.  The  two  sections  are  very 
powerful  and  rather  aggressive  kingdoms,  and  it  is  difficult  to  defend 
the  North  Devon  territory  against  the  demands  "of  the  Carboniferous 
strata  above  and  the  Silurian  strata  below.  As  I  would  never  desert 
a  falling  cause  (if  this  be  one),  I  still  declare  myself  in  favour  of 
the  independence  of  North  Devon,  and  assert  that  there  are  strata 
which  are  neither  Silurian  nor  Carboniferous — that  of  themselves 
they  are  worthy  of  a  separate  study,  deserving  separate  names — and 
that  their  history  is  remarkably  interesting,  connected  as  it  is  with 
some  of  the  most  important  movements  on  the  crust  of  the  globe. 
Those  movements  were  subsequent  to  the  date  of  the  deposition  of 
these  rocks.  Since  these  rocks  were  deposited  a  large  portion  of 
the  features  of  South  Wales  has  been  produced,  the  channel  between 
South  Wales  and  Devon  has  been  formed,  and  there  has  also  been 
produced  the  hollow  that  exists  on  the  southern  side  of  North  Devon, 
and  all  the  undulations  in  the  interior  of  the  country ;  all  Dartmoor 
and  the  Cornish  rocks  have  been  raised  since  the  days  when  the 
North  Devon  deposit  was  produced  in  the  ancient  sea.  Gentlemen 
of  Devon,  never  give  up  the  independence  of  your  country,  hold  to 
the  North  Devon  series,  and  if  it  is  the  case,  as  Mr.  Godwin-Austen 
invites  us  to  believe  it  is,  that  they  do  not  belong  to  the  Old  Bed 
Sandstone  series,  do  not  let  us  conclude  that  because  they  do  not 
belong  to  that  particular  class,  they  are  nothing  at  all.  Let  us  keep 
the  North  Devon  series  distinct,  as  a  separate  characteristic — it  is  a 
most  interesting  study,  and,  what  is  best  of  all,  it  is  as  yet  not  com- 
pletely explored.    Let  us  encourage  by.  every  m^eans  in.  o^n  y^v^^"^ 
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local  reBidents,  who  have  the  heet  means  at  their  oommand  of  com- 
pleting  a  history  which  so  many  have  attempted  to  give.  Let  as 
doubt  anything  except  this,  that  the  North  Devon  strata  are  worthy 
of  a  sepsffate  study,  a  separate  name,  and  a  separate  history. 


y. — ^DlSOOVEBT  OF  AN  AkOIENT  "EiTCHSK  MiDDBH*'  ITKAB  DtrHDSS. 

By  Jambs  Durham,  F.O.S. 

REC£NT  operations  in   connexion  with  the   Dundee  Harbour 
works  have  been  the  means  of  opening  up  a  very  interesting 
section  of  superficial  deposits. 

In  order  to  fully  understand  the  position  of  the  section,  it  must 
be  remembered  that  on  either  side  of  the  Firth  of  Tay,  as  well  as  round 
most  part  of  the  Scotch  coast,  are  a  series  of  raised  beaches  or  gravel 
terraces  succeeding  each  other  at  vertical  interval's  of  from  five  to 
ten  feet.  Up  to  a  hundred  or  a  hundred  and  fifty  feet  above  the 
sea-level  they  are  well  marked,  and  are  readily  observed  by  the  most 
inexperienced  eye.  Above  this  height  the  old  sea-levels  can  be 
traced  by  means  of  wave- worn  cliffs ;  but  owing  to  the  influence  of 
denudation,  the  terraces  are  extremely  difficult  to  distinguish,  or  are 
altogether  wanting.  Among  the  lower  terraces  none  are  usually 
more  conspicuous  than  a  beach  about  25  or  80  feet  above  the 
Ordnance  Survey  datum-line,  but  at  a  point  about  a  mile  east  of 
Dundee,  called  the  Stannergate,  it  is  by  no  means  so  prominent  as  at 
other  parts  of  the  estuary ;  the  denudation  of  the  slope  behind  having 
buried  it  to  a  considerable  depth  under  a  mass  of  unstratified  earth 
and  stones,  so  that,  instead  of  the  abrupt  terrace,  the  Stannergate 
braes  slope  gently  to  the  top  of  the  cliff  at  the  sea-maigin.  It  is 
to  the  burying  of  that  old  beach  that  we  are  indebted  for  the  preser- 
vation of  the  interesting  remains  that  have  just  been  brought 
to  light. 

A  cutting  in  connexion  with  the  works  referred  to  has  exposed  a 
section  from  the  very  top  of  these  superficial  deposits  to  a  con- 
siderable distance  into  the  rock  beneatL  The  section  is  approxi- 
mately as  follows : — 

Earth  containing  Stone  Coffins,  Urn,  etc.      .^    .^    3  to  4  feet 

£arth  undisturbed    ..^    ^^    ~    ..^    »...  .-^    .....    7  ,,  8    „ 

fcJlWIilA*  m^X        ••»••  •••••  ••«•«  •••••  •••■■  «•■••  ■••*•  —m  m»»—  ■»—  m         tttt        St  M 

\xrftYcl  01  ToloOQ  DO&CO.       •«.••      m««*      »»«•      •••«•      mm»      *»•••      •»>•      X     n    ^      |y 

Rock 
The  discovery  of  the  stone  coffins  created  considerable  interest 
among  local  antiquaries,  two  of  them  being  what  are  termed  short 
cists,  in  which  the  body  was  buried  in  a  sitting  position,  with  the 
knees  brought  up  to  the  chin,  which  is  supposed  to  be  a  very  early 
manner  of  interment ;  while  an  urn  or  rude  earthen  vessel,  which 
was  found  in  one  of  them,  is  said  to  be  of  a  very  ancient  type ;  but 
it  is  to  the  shell-bed  that  the  chief  interest  attaches.  Very  soon  after 
its  exposure  it  was  observed  that,  not  only  were  the  shells  all  broken, 
but  that,  while  the  greater  part  of  them  were  that  of  the  mussel,  in 
no  case  were  the  valves  found  in  their  natural  position,  and  at  the 
time  a  very  large  proportion  of  them  were  those  of  adult 
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animals.  This  led  to  a  closer  examination  of  the  bed,  when  it  was 
found  that  mixed  with  the  shells  was  a  large  quantity  of  burned 
wood,  with  bits  of  burned  horn  and  bone,  while  many  of  the  shells 
themselves  had  evidently  been  subjected  to  a  strong  heat.  These 
facts  left  no  doubt  that  the  bed  was  in  many  respects  similar  to  the 
famous  Danish  "  Ejokken  Moddings."  During  the  progress  of  the 
engineering  operations,  which  have  completely  removed  the  shells, 
a  tolerably  careful  search  was  made  for  other  traces  of  humanity,  and 
no  implements  that  could  safely  be  accepted  as  such  were  discovered, 
although  some  bits  of  broken  bone,  the  tyne  of  a  deer  horn,  and, 
most  important  of  all,  part  of  a  long  bone  of  some  animal  un- 
mistakably split  artificially,  probably  either  with  the  object  of 
extracting  the  marrow  or  of  fashioning  an  implement,  rewarded  the 
search. 

As  the  "  Midden  "  thinned  out  in  any  direction  it  was  found  to  be 
interbedded  with  the  gravel  of  the  old  beach,  and  in  one  part  was 
overlain  by  a  stratum  of  sand  and  gravel  of  some  thickness,  in 
which  could  be  found  traces  of  burned  wood  and  shells  similar  to 
those  of  the  ''Midden"  below,  just  as  we  would  expect  to  find  it  if 
the  heap  had  been  formed  close  to  high-water  mark  where  it  could 
be  reached  by  the  waves  of  an  unusually  high  tide,  which  would 
throw  the  gravel  over  the  shells,  and  partly  interstratify  them. 

These  facta  would  seem  to  prove  that  not  only  was  the  shell 
mound  a  haunt  of  early  man  before  the  ten  or  twelve  feet  of  earth,  etc., 
was  laid  down  upon  it,  but  that  the  rude  people  who  found  in  the 
shells  of  the  sea-shore  their  most  convenient  food-supply,  lived 
when  the  25-feet  beach  was  at  the  sea-level,  and  consequently  when 
the  geography  of  the  country  was  different  from  what  it  is  to-day. 

I  am  obliged  to  Prof.  H.  Alleyne  Nicholson  for  kindly  identifying 
some  of  the  fragments  of  shells  sent  to  him  as  being  those  of 
MytiluB  edidia,  Purpura  lapiUus,  Tellina  hcUthiea  and  Littorina 
UUorea,  all  recent  species,  and  the  bit  of  deer  horn  as  being  "almost 
certainly  "  one  of  the  tynes  of  the  antler  of  the  red  deer. 


I. — M.  Th.  Fuohs  on  the  Orioin  of  Falsb-bsddino. 

In  the  **  Beport  of  the  Imperial  Oeological  Institute  of  Vienna," 
September  30,  1877,  M.  Th.  Fuohs  points  out  that  when  by  great 
storms,  or  high  tides  forced  up  against  the  land  by  strong  winds,  the 
sea  is  massed  up  along  the  ooast  (as  it  is  sometimes  to  the  height  of 
10,  20,  and  even  80  feet),  the  coarser  detritus,  as  shingle,  blocks,  and 
boulders,  is  suddenly  swept  down  to  a  lower  level,  even  over  the 
mud-zone,  by  the  deep  and  strong  counter-current  of  the  displaced 
water  finding  its  level  again ;  thus  giving  rise  to  false-bedding  on  a 
large  scale  and  apparent  local  unconformity. — T.  B.  J* 

II. — ^East-Atbioan  Ammonites. 
(Report  Imper.  Geol.  Instit  Vieima,  Sept.  30, 4877.) 

A  series  of  Jurassic  Ammonites  from  the  East  Coast  of  Africa,  ool- 
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looted  by  Dr.  Hildebrandt,  offer  a  striking  analogy  to  those  firom  the 
Acanihieus-zone  of  East-India,  published  by  Dr.  Waagen.  Some 
Planulati  among  them  may  possibly  be  identical  with  Ammonites 
torquatus  or  Amm.  hathyplocuB, — Count  Mabsohall. 

IIL — F.  Eabbkb  on  Miooens  Fobahinifera  in  the  Philippines. 
(Imper.  Oeol.  Instit.  Yienna,  Report,  September  30,  1877.) 
The  fossil  Foraminifera  at  Luzon,  in  the  Philippines,  are  Nodoaaria, 
Cristellaria,  Polymorphina,  Glohigerina,  etc.,  characteristic  of  a 
rather  deep-sea  deposit.  The  same  forms  having  been  found  in  the 
Nicobar  Islands,  Java,  Celebes,  and  Borneo,  an  extensive  Miooene  sea 
may  be  supposed  to  have  existed  from  the  Nicobars  to  Luzon. — 
Count  Marsohall. 

rV. — De.  0.  Lenz — On  West-African  Geology.* 

(Report  Imper.  Geo!.  Iiutit.  Vienna,  December  4,  1877.) 

Some  Organic  Bemains  have  been  collected  near  Landana  and 
Oaconge,  6®  16'  Lat.  S.,  and  12**  Long.  E.  Greenwich,  on  the  West 
Coast  of  Africa.  The  coast  there  consists  of  steep  cliffs  and  rocks, 
rising  to  a  height  of  50  feet  Inland  is  a  series  of  hills,  projecting 
from  the  West-Africa  chain,  which  ranges  N.-S.,  cmd  is  composed  of 
Gpieiss,  mica-schist,  talc-schist,  quartzites,  etc.  This  is  the  **  Sierra  do 
Cristal "  or  **  Sierra  complida  "  of  the  Portuguese.  On  the  banks  of 
ttie  Gaboon  and  Ogowe  Rivers  (from  V  Lat.  N.,  to  V  Lat.  S.)  this 
promontory  consists  of  horizontal  calcareous  sandstones  with 
Cretaceous  fossils.  Further  South,  it  appears  as  a  deep-brown, 
friable,  very  fine-grained  ferruginous,  and  non-calcareous  oolite. 
Ill  it  are  Corals,  with  Zeda,  Mactra,  Tellina,  Cardium,  etc  Kemains 
of  Fishes,  very  well  preserved,  have  been  found  near  Landana, 
about  36  miles  south  of  Point  Padron.  A  large  slab  of  grey,  fine- 
grained, somewhat  argillaceous  sandstone  contains  the  vertebrsd  and 
skull,  with  teeth  and  branchial  arches,  of  a  large  Fish,  more  or  less 
compressed.  Teeth,  also,  and  dorsal  spines  of  a  Bay,  a  tooth  of  a 
Crocodile,  a  coprolite,  and  a  very  large  and  probably  Cretaceous 
Nautilus,  were  collected  in  the  same  locality.  The  last-mentioned 
fossil  was  full  of  a  light-coloured  limestone,  crowded  with  small 
Gasteropods  and  Bivalves.  The  cliffs,  20  feet  high,  along  the 
coast  of  Ambrisetta,  east  of  the  mouth  of  the  Congo  (or  "  Living- 
stone") Biver,  are  composed  of  a  light-grey  limestone  abounding 
with  shells  of  Ostrea. — Count  Mabsohall. 


KrEVIE^WS- 


I. — Beoobds  of  the  Geologioal  Subvey  of  India,  Vol.  xi.  Pt.  i. 
1878. 

THE  "  Records "  of  this  Survey  enter  upon  their  second  decade 
with  a  quarterly  part  of  nearly  three  times  the  usual  size  ;  the 
first  for  1878,  containing,  besides  the  Annual  Beport  of  the  Superin- 
tendent, several  important  papers  by  the  officers :  "  Notes  on  the 
Geology  of  the  iTpper  Godaveri  Basin  "  (Hughes) ;  "  Notes  on  the 

*  See  Geol.  Mao.  New  Ser.  Vol.  IV.  p.  27. 
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(Jeology  of  Eashmir,  Eisbtawar  and  Pangi"  (Lydekker),  both 
acoompanied  by  coloured  geological  maps;  '< Notices  of  Siwalik 
Mammals "  (Lydekker) ;  ''  The  Palaeontological  Belations  of  the 
Gondwana  System,  a  reply  to  Dr.  Feistmantel "  (Blanford,  W.  T.)  ; 
**  Note  on  Punjab  Erratics  "  (Wynne) ;  and  the  osual  lists  of  addi- 
tions to  the  Library. 

In  the  Annual  Report  the  Superintendent  describes  the  nature  of 
the  Survey  operations,  and  the  progress  made  since  the  last  Report 
was  published,  entering  at  some  length  into  the  subject  of  explora- 
tions for  coal,  which  seem  to  have  had  in  general  rather  negative 
results.  The  recent  Survey  of  the  Sind  Tertiary  marine  and  fresh- 
water rocks  are  fully  noticed,  and  the  suggestion  made  that  the  Sind 
sections  may  furnish  an  important  clue  to  the  horizons  of  con- 
temporaneous strata  in  the  Tertiary  region  of  the  sub  or  outer 
Himalayan  belt,  where  it  is  admitted  that  the  changes  in  the  com- 
position of  the  deposits,  and  the  great  disturbance  which  these  have 
undergone,  present  a  constant  obstacle  to  tracing  contemporaneous 
zones. 

The  latter  part  of  the  Report  is  occupied  by  a  disclaimer,  in 
language  sometimes  strong,  at  others  most  liberal,  of  responsibility 
for  the  views  and  opinions  conveyed  in  the  papers  which  it  becomes 
the  duty  of  the  Superintendent  to  edit  in  the  Survey  publications. 

Mr.  Hughes's  paper  treats  of  a  district  chiefly  occupied  by  the 
Gondwana  system,  and  prominently  so  by  the  interesting  Eota-Maleri 
sub-group  with  its  interesting  fossil  fish  LepidotuSf  Dapedius,  and 
Ceratodus,  and  the  reptiles  Parasuchus  and  Hyperodapedon,  together 
with  a  considerable  number  of  fossil  plants.  These  Gondwdna  rocks 
are  underlain  by  the  Yindhan  and  Metamorphic  groups,  all  being 
unconformably  overspread  by  outliers  of  the  bedded  **  Deccan  trap 
group." 

Mr.  Lydekker's  paper  and  map  give  us  what  is  likely  to  develope 
into  a  complete  Geological  Survey  and  description  of  the  interest- 
ing country  and  neighbourhood  of  Eashmir,  a  thing  which  has  been 
long  desired.  Mr.  Lydekker's  map  still  shows  blank  spaces,  but  so 
much  ground  has  been  covered  that  a  fair  estimate  can  be  formed  of 
the  chief  geological  formations  to  be  found. 

The  oldest  of  these  are  gneiss  rocks  seen  at  Daroha,  the  Wardwan 
valley  and  Zanskar  range,  and  in  the  range  of  Dhaoladar.  The  age 
of  this  gneiss  is  undetermined,  and  it  is  overlain  by  another  gneiss 
formation  seen  in  Eulu,  on  the  Pir  Panjal  range,  and  overlying  the 
former  gneiss  at  Wardwan  and  Lanskar  range. 

Resting  on  this  are  the  slates  and  limestones  of  Pangi  and  Lahul, 
overlain  by  the  Lower  Pir  Panjal  slates,  and  the  lower  slates  and 
trappoid  rocks  of  the  Eashmir  valley  and  its  vicinity.  Newer  than 
these  are  the  trappoid  rocks  of  the  Wular  lake  neighbourhood,  upon 
which  come  the  Upper  Pir  Panjal  slates,  shales  and  trappoid  rocks ; 
both  groups  being  considered  *of  Upper  Silurian  age,  while  the 
underlying  slates  and  trappoid  rocks  mentioned  above  are  classed  as 
Lower  Silurian  and  Cambrian  (?). 

Above  this  slate  $tnd  tj^ppcnd  series  is  a  mass  of  limestonea. 
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Blatee,  and  sandstones,  varying  so  much  in  lateral  development  that 
the  author  considers  it  may  have  had  separated  areas  of  aocamohi- 
tion.  It  is  the  first  rock  group  in  the  ascending  series  found  to  he 
fossiliferous  and  helongs  entirely  to  the  Carboniferous  formation.  In 
it  are  represented,  the  author  thinks  probable,  not  alone  the  Krol 
and  infra-Erol  groups  of  the  Simla  area,  but  the  Carboniferous 
Kuling  series  of  Dr.  Stoliozka's  Himalayan  sections  to  the  east. 

Overlying  this  great  Carboniferous  formation  come  limestones, 
dolomites,  sandstones,  and  slates,  mostly  developed  in  the  higher 
mountains  towards  the  interior  of  the  Himalaya,  and  which  are  of 
Rheetic  and  Triassic  age,  representing,  perhaps,  the  Lilang  series  of 
Stoliczka. 

In  a  former  paper,  by  himself  and  Mr.  Medlicott,  to  which  the 
author  refers  frequently,  the  relations  between  the  Pir  Panjal  and 
other  Kashmir  rocks  and  those  forming  the  Outer  Himalayan  Tertiary 
belt,  are  shown,  the  disturbed  state  of  the  junction  being  as  great  as 
is  usual  along  the  Tertiary  belt  From  this  inwards  the  whole  of 
the  great  Pir  Panjal  range  is  described  as  being  an  inverted  or  over- 
thrown anticlinal  areh  bearing  from  the  Kashmir  valley  towards  the 
outer  Himalayan  border  hills. 

Within  the  valley  itself  the  ''  Karewah  "  superficial  beds,  which 
are  of  great  thickness,  and  which  have  usually  been  regarded  as 
lacustrine,  are  referred  here  to  a  late  Tertiary  period,  apparently 
upon  the  evidence  of  a  constant  dip  as  high  as  20^,  with  which  they 
rest  upon  the  inner  flanks  of  the  Pir  Panjal  range.  The  question 
seems  mainly  to  depend  upon  the  point  whether  this  angle  of  dip 
has  been  produced  by  disturbances  (forming  perhaps  part  of  the 
movements  accompanying  the  production  of  the  Himalayan  chain), 
in  post-Tertiary  times,  or  whetherBuperfioial  beds  can  be  deposited 
from  water  at  angles  so  high  as  2(r.  Evidence  from  organic  remains 
is  not  adduced. 

The  trappoid  rocks  of  this  country  have  been  thought  by  some 
previous  observers,  notwithstanding  their  trappean  and  amygdaloidal 
aspect,  to  be  merely  varieties  of  metamorphosed  strata,  and  by  others 
to  be  veritable  traps.  The  author,  after  numerous  opportunities  of 
studying  this  question,  favours  the  latter  view,  and  regards  some  of 
the  denser  kinds  as  genuine  igneous  rocks,  an  opinion  borne  out  by 
the  microscopic  examinations  of  Colonel  MoMahon.  The  whole  of 
these  trap  rocks  are  older  than  Carboniferous. 

In  the  absence  of  palsdontological  testimony  to  produce  from  the 
lower  rocks  of  Kashmir,  and  until  it  is  shown  that  they  have  been 
traced  into  continuity  with  fossil-bearing  beds  in  other  parts  of  the 
Himalayan  exposures,  even  more  caution  might  have  been  used  in 
applying  the  terms  "  Cambrian "  and  **  Silurian  "  to  these  ancient 
slates,  gneiss,  etc. 

One  very  interesting  point  is  the  discovery  by  Mr.  Lydekker  of 
numerous  rolled  boulders  of  an  unknown  gneiss  in  the  lower  slates, 
which  rest  conformably  upon  the  gneiss  of  these  mountains — a 
fact  indicating  the  previous  existence  of  very  ancient  metamorphio 
ranges,  whence  he  thinks  these  blocks  may  veiy  possibly  have  been 
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transported  by  ioe  or  rafted  among  the  roots  of  trees.  The  break 
which  this  woald  establish  in  the  Himalayan  series  seems  hitherto 
to  have  escaped  all  observers — ^but  the  field  is  a  wide  one. 

The  next  paper  by  the  same  author  is  entirely  palsdontological. 
It  records  the  most  important  and  interesting  additions  to  the 
Siwalik  mammalian  fauna  made  by  Mr.  Theobald  from  the  rocks  of 
the  Eawul  Pindi  plateau  during  the  preceding  season  as  well  as 
some  from  Sind  collected  by  Messrs.  Blanford  and  Fedden.  Correc- 
tions of  previous  determinations  are  also  given. 

Among  the  genera  noticed  and  described  are,  MacacuB^  Ma$todony 
Stegodon,  Dinotherium,  Hyoiherium,  Anthracotheriumt  Bhagatherium, 
Chieromeryx,  Merycapotamiu  —  like  animals,  8u$,  Camelopardali$j 
jffydaspitherium,  Bhinoeeros,  lAatriodon,  Hysirixy  Bhizomys,  Felia, 
SyoBna,  Mellivora,  Mdes  (?),  Amphicyon,  Hycmarctoa,  and  an  alleged 
Cetacean  earbone  considered  by  Professor  Flower  to  belong  to  the 
Ungulata. 

One  of  the  most  important  contributions  to  the  number  is  Mr.  W. 
T.  Blanford's  paper  on  the  palssontological  relations  of  the  Gk)nd- 
wana  system,  a  reply  to  Dr.  Feistmanters  many  recent  papers  on 
the  same  subject.  Mr.  Blanford  is,  on  the  whole,  courteous,  if  severe, 
and  has  taken  much  pains  to  examine  critically  the  arguments  of  his 
colleague,  who  is  charged  with  making  an  undue  use  of  the  principle 
of  selection  in  regard  to  his  comparisons  between  the  Indian  Gond- 
w4na  and  European  Mesozoic  flora;  indeed,  it  is  stated  that  he 
employs  no  evidence  among  the  mass  available  except  that  which 
tells  in  favour  of  his  own  view. 

Mr.  Blanford  disclaims  the  intention  to  set  himself  up  as  a  palsBO- 
botanist,  still  he  has  sought  and  found  evidence  to  form  an  easily 
appreciable  list  of  plants  from  the  European  Bunter,  the  Indian 
Dfunuda  (Lower  Gk)ndwana),  and  the  Newcastle  beds  of  Australia, 
in  parallel  columns,  which  points  to  a  very  different  result  from  that 
arrived  at  by  Dr.  Feistmantel  as  to  the  Mesozoic  age  of  this  part  of 
the  Gk)ndw&ia  formation. 

The  paper  is  a  long  one,  and  requires  to  be  read  to  grasp  its 
importance.  The  conclusions  arrived  at  by  the  author,  shortly 
stated,  are — 1st,  that  the  evidence  adduced  by  Dr.  Feistmantel  as  to 
the  Umia  beds  of  Each  (with  Trtgonia  Smeii,  and  T.  venirico$a,  etc.) 
not  being  Upper  Jurassic  is  insufficient  and  incorrect ;  2nd,  that  the 
proof  for  the  Eajmahal  group  being  Lias  is  also  insufficient ;  Srd, 
that  the  Panchet  group  and  tne  Eeuper  have  not  been  sufficiently 
shown  of  the  same  age  or  related  by  homotaxis;  4th,  that  the 
evidence  on  which  the  Mangli  beds  are  classed  as  Bheetic  and  newer 
than  the  Panchets  is  based  upon  various  mistakes  and  omissions ; 
5th,  that  if  the  affinities  of  the  plant-fossils  with  those  in  European 
rocks  were  alone  regarded,  the  whole  Gbndwana  system  above  the 
Karharbari  group  would  be  probably  classed  as  of  an  age  ^m 
Middle  Jurassic  to  Ehsetic,  and  the  Lower  Oondw&na  Damuda  flora 
as  newer  than  the  Upper  Gk)ndw4na  Bajmahal,  both  Bajmahal  and 
Panchet  beds  being,  according  to  Dr.  Feistmantel,  most  closely 
affined  by  homotaxis  to  the  Bhsdtio  minor  European  formatLoa^ 
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though  between  these  two  Indian  groups  there  is  the  greatest 
stratigraphical  and  palseontological  break  in  the  whole  Gondwana 
system ;  6th,  that  no  evidence  of  value  has  been  produced  for  the 
classification  of  the  Damuda  series  as  Lower  Triassic  (Bunter),  the 
Damuda  flora  having  far  less  in  common  with  the  Bunter  or  any 
Triassic  European  flora  than  it  has  with  the  Upper  Coal-measures 
of  Newcastle,  etc,  New  South  Wales  [presumably  Carboniferous]  ; 
7th,  that  Dr.  Feistmantel's  classification  of  the  Australian  plant- 
bearing  beds  on  the  authority  of  Mr.  Clarke  differs  materially  from 
all  the  data  published  by  Mr.  Clarke  himself,  etc. ;  8th,  that  the 
Earharbari  beds  must  be  separated  from  the  Damudas  and  classed 
with  the  Talchirs ;  9th,  that  it  is  unwise  to  come  to  any  positive 
conclusion  as  to  the  Carboniferous  or  Triassic  age  of  the  Damuda 
and  Earharbari  beds;  10th,  that  the  Upper  Gondwanas  may  be 
equivalent  to  the  European  Jurassic  series  approximately,  and  the 
Lower  Gondwanas  to  Triasso- Permian,  also  approximately,  but  close 
definition  of  minor  horizons  in  the  Gondwana  system  is  premature ; 
11th,  and  finally,  that  an  attempt  to  define  geological  horizons  in 
countries  remote  from  Europe  by  fossil  plants  alone,  can  only  lead 
to  error :  that  Dr.  Feistmantel's  attempt  to  make  the  Indian  groups 
suit  the  European  sequence  is  a  failure,  and  the  constant  assertion 
that  particular  groups  belong  to  distinct  European  subdivisions  is 
misleading  and  unscientific. 

Mr.  Wynne's  note  consists  only  of  a  few  lines  to  set  himself  right 
in  consequence  of  an  attributed  ambiguity  in  his  previous  use  of  the 
word  "  erratic,**  in  its  oldest  sense,  for  wandering  fragments,  the 
sense  in  which  he  employed  it. 

II. — Conversations  with  Little  Geologists  on  the  Six  Days  of 
Creation.    By  J.  W.  Grovbr,  C.E.     (With  a  Geological  Chart.) 

THE  Preface  shows  this  to  be  one  of  the  many  works  which  have 
owed  their  publication  to  the  well-meant  but  injudicious  inter- 
position of  "  friends  of  the  author."  The  writer  acknowledges  his 
obligations  to  **  Hugh  Miller,  Dr.  Buckland,  and  McCausiand,"  as 
well  as  "those  standard  authorities  Lyell,  Murchison,  Figmer  (l), 
and  Dr.  Lindley."  On  p.  1,  however,  in  answer  to  a  question, 
"  Did  Moses,  who  wrote  the  Book  of  Genesis,  understand  Geology  ?" 
the  author  remarks,  '*  Not  as  we  do ;  he  wrote  as  he  was  inspired 
or  taught  by  God  Himself,"  and  adds,  "  I  want  to  show  you  how 
wonderfully  the  formation  of  the  earth  confirms  the  first  chapter  in 
the  Bible." 

Mr.  Grover  follows  Hugh  Miller  and  some  other  geologists  of  a 
former  generation,  in  considering  the  six  days  of  Genesis  to  mean 
six  long  periods  of  time,  and  one  of  the  peculiarities  of  the 
author  is  the  rigidity  with  which  he  settles  the  duration  of  these 
periods.  The  first  day  includes  the  Cambrian,  the  second  the 
Silurian  periods,  while  the  third  comprises  the  Devonian  and  Car- 
boniferous. The  Permian  and  Triassic  rocks  were  the  work  of  the 
fourth  day,  and  the  Lias,  Oolite,  and  Chalk  of  the  fifth.  The  sixth 
day  includes  the  Tertiary  strata,  up  to  the  *'  DUuvium."    Nothing 
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is  6aid  of  Laurentian  or  Lewisian  rocks ;  their  place,  however,  would 
evidently  be  with  the  productions  of  the  first  day.  The  Diluvium 
is  described  as  '*a  deposit  supposed  to  have  been  caused  by  an 
immense  wave  or  deluge  which  passed  over  Europe  and  other  parts 
of  the  world,  especially  Asia."  Some  more  precise  information 
as  to  the  whereabouts  of  this  unique  formation  seems  desirable. 

On  page  3  the  author  appears  as  an  extreme  evolutionist.  He  is 
asked,  '<  So  God  began  by  making  the  smallest  and  most  imperfect 
creatures?"  He  replies,  "Yes.  •  .  .  His  great  laws  continue  the 
same  now,  nothing  great  is  done  at  once,  but  by  slow  degrees ;  all 
discoveries  and  inventions  begin  by  imperfect  forms  in  the  first 
instance,  and  they  grow  and  improve  from  year  to  year  till  at 
length  they  attain  their  full  development"  This  comparison  of  the 
operations  of  the  Deity  with  those  of  men  gifted  with  mechanical 
ingenuity  scarcely  seems  well  chosen,  though  the  author  is  doubt- 
less to  be  acquitted  of  anything  like  intentional  profanity.  On 
page  9,  however,  Evolutionists  get  but  scanty  justice.  Some  of 
them,  according  to  Mr.  Grover,  find  that  there  is  a  relationship 
between  frogs  and  men,  "  inasmuch  as  the  frog  is  the  only  animal 
which  has  a  calf  to  its  leg."  No  clue  is  given  to  the  authorship  of 
this  remarkable  view,  and  we  are  afraid  that  Mr.  Grover  has  been 
caught  by  the  ''chaff"  of  some  jocular  Naturalist. 

Many  serious  blunders  occur,  both  from  want  of  more  accurate 
knowledge  of  common  facts,  and  also  as  misprints.  On  page  13  we 
read,  ''Foraminifera,  which  is  a  mass  of  very  feebly  animated  matter; 
seen  through  a  microscope  it  resembles  the  roe  of  a  fish."  And  again, 
on  page  5,  "It  is  the  unclouded  sunbeam  which  strengthens  the 
fibres  of  the  plant,  and  forms  the  hard  woody  substance  in  trees." 
The  remark  about  Foraminifera  is  certainly  calculated  to  puzzle  the 
childish  understanding,  while  the  passage  about  wood  and  sunbeams 
is  likely  to  lead  to  the  error  of  supposing  them  simply  different  forms 
of  the  same  substance.  This  can  hardly  have  been  Mr.  Grover's 
intention.  The  identification  (p.  1)  of  the  distinguished  theologian 
known  as  St.  Augustine  with  the  Augustine  who,  two  centuries 
later,  converted  the  King  of  Kent,  is  objectionable  in  the  interests  of 
accuracy,  though  not  of  geology.  Certainly  the  crudity  in  conception 
and  looseness  in  execution  of  this  work  must  ever  prevent  it,  in  its 
present  form,  from  filling  the  place  designed  for  it  by  its  author,  itx 
spite  of  his  remarkable  ingenuity  and  good  intentions. 

Well  said  the  Duke  of  Argyll,  in  reference  to  popular  works  on 
Geology,  that  none  but  our  most  able  writers  should  venture  to 
undertake  them;  and  forasmuch  as  they  were  designed  for  the 
instruction  of  those  but  little  informed  upon  the  subject,  they  ahoidd 
above  all  things  he  accurate.  T.  Y.  H. 

UL — Mines  and  Mining  in  thx  Lakx  Distsiot.    By  John  Postle- 
THWAiTE.     (Leeds,  1877.) 

KESWICK,  situated  in  the  midst  of  some  of  the  wildest  and  most 
picturesque  scenery  of  the  Lake  District,  is  not  less  remark- 
able for  the  natural  beauty  of  its  surroundings  than  for  its  indigenoua 
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Booroes  of  mineral  wealth,  the  knowledge  of  which  is  of  great  antiqnitj, 
some  of  the  mines  having  been  worked  by  the  Romans  daring  their 
occupation  of  this  country,  and  probably  by  the  Britons  before  them. 
Both  the  physical  features  and  the  mineral  contents  of  the  rocks 
are  due  to  the  geological  character  of  the  district,  which  oonsisti 
chiefly  of  the  Skiddaw  slates,  with  the  associated  granite  and  meta- 
morphic  schists,  and  the  overlying  green  slates  and   porphyries 

iBorrowdale  series).  These  rocks,  elevated,  indurated,  contorted  and 
iaulted,  have  subsequently  and  for  long  ages  been  weathered  and 
disintegrated  by  various  meteoric  agencies  acting  on  the  hard  and 
soft  strata, — thus  producing  the  present  irregular  outline  of  cliff, 
ravine  and  valley,  due  primarily  and  partly  to  a  former  glacial 
period  which  has  left  its  traces  in  the  scored  rocks,  rounded  hum- 
mocks, and  thick  accumulations  of  moraine  materials  in  the  present 
valleys,  and  which,  as  well  as  the  other  geological  features,  have 
been  so  ably  described  by  Mr.  C.  Ward  in  his  memoir  lately  pub- 
lished and  noticed  (Obol.  Mao.  1877,  p.  280). 

On  the  other  hand,  the  mineral  veins  and  lodes  are  the  result  of 
those  mysterious  processes,  deeply  seated  perhaps,  by  which  the  con- 
taining fissures  became  filled  with  various  kinds  of  metallic  matter, 
with  which  the  Lake  District  abounds,  for  no  less  than  86  species  of 
minerals  have  been  noticed,  of  which  46  are  metallic,  and  40  non- 
metallic  ;  some  of  them  being  most  rare  and  beautiful  forma.  The 
principal  mines  from  which  these  minerals  have  been  obtained  are 
arranged  by  the  author  in  the  order  of  the  strata  in  which  they 
occur,  commencing  with  those  in  the  Skiddaw  slates,  which  are 
numerous  and  extensive,  the  veins  being  generally  large  and  well 
mineralized,  but  sometimes  irregular  in  the  deposits  of  ore. 

The  mines  in  the  green  slates  and  porphyries  are  not  so  numerous 
as  those  in  the  Skiddaw  slates,  but  some  of  them  are  much  more 
productive.  The  most  remarkable  of  these  mines  is  the  plumbago 
mine,  which  is  well  known  to  be  unequalled  for  the  purity  of  the 
graphite  obtained  from  it ;  the  containing  vein  or  dyke  is  a  species 
of  hard  trappean  or  diabasic  rock  of  a  peculiar  nature,  the  deposits 
of  plumbago  occur  in  sops  or  pipes  of  various  sizes,  and  not  in  veins. 
The  Coniston  copper  mine  and  the  Oreenside  lead  mine  are  in  the 
same  formation,  the  latter  being  one  of  the  most  valuable  mines  in 
the  North  of  England. 

The  mining  field  of  Caldbeck  Fells  is  in  the  porphyritic  syenite, 
in  which  seven  distinct  mines  have  been  opened.  Of  these  the  most 
important  and  productive  is  the  Boughtengill,  both  as  regards  the 
quantity  and  variety  of  its  ores  and  minerals.  Besides  the  metallic 
mines,  the  Caldbeck  district  includes  the  north-western  portion  of 
the  West  Cumberland  coal-field,  in  which  a  small  seam  of  coal  was 
wrought  as  early  as  1790. 

The  work  is  illustrated  by  a  map  of  the  mining  field  of  the  Lake 
District,  with  section  and  plans  of  the  principal  mines,  together  with 
a  synopsis  of  the  State  papers  relating  to  the  mines  and  smelting 
works  near  Keswick.  The  author,  practically  acquainted  with  the 
mining  district,  and  evidently  interested  in  the  mineral  development 
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of  bis  oountry,  baa  prodaoed  this  oonoiae  and  nsefal  acoount  of  the 
past  and  present  mining  industries  around  Keswiok,  their  failures  and 
successes,  and  their  present  abeyance,  in  order  to  perform  a  patriotio 
duty,  by  correcting  a  very  prevalent,  but  erroneous,  notion  respect- 
ing the  mineral  deposits  of  the  Lake  District^  with  the  hope  of 
directing  more  attention  to  the  subject^  so  that  it  may  at  some  future 
time  be^me  as  famous  for  its  mineral  productions  as  it  is  now  for 
its  beautiful  scenery.  J.  M. 

IV. — Illustrations  of  Fossil  Plants  ;  being  an  Autotype  Repro- 
duction of  Selected  Drawings,  prepared  under  the  supervision 
of  the  late  Dr.  Lindley  and  Mr.  W.  Hutton,  between  the 
years  1835  and  1840,  and  now  for  the  first  time  published  by 
the  North  of  England  Institute  of  Mining  and  Mechanical 
Engineers.  Edited  by  0.  A.  Leboub,  F.Q.S.,  Newcastle-on- 
Tyne.  Boyal  8vo.,  containing  64  Illustrations  in  Autotype, 
with  Portrait  of  W.  Hutton.  (1877:  Published  for  the 
Institute  by  Andrew  Reid,  Printing  Court  Buildings.  London  : 
Longmans  &  Co.) 

THE  '*  Fossil  Flora  "  of  Lindley  and  Hutton  has  been  for  more 
than  forty  years  a  standard  work  on  British  fossil  plants,  and  it 
is  hoped  that  it  may  be  still  further  supplemented  by  the  publication 
of  the  promised  fourth  volume  under  the  able  superintendence  of  Mr. 
W.  Carruthers,  F.R.S.,  containing  not  only  corrections  of  former 
descriptions,  the  result  of  new  observations,  but  the  addition  of 
many  new  and  interesting  forms  which  have  appeared  in  this 
Magazine,  and  other  (Geological  Journals,  besides  the  special 
memoirs  by  Mr.  Binney  in  the  Palsdontographical  Society  and 
Prof.  Williamson  in  the  Transactions  of  the  Royal  Society  since 
the  publication  of  the  original  work. 

The  study  of  fossil  botany  has  been  much  advanced  during  late 
years,  by  the  issue  of  numerous  and  important  memoirs  on  fosHil 
plants  both  in  Europe  and  America,  so  that  ample  means  exist  for 
the  further  comparison  of  the  British  forms  with  those  of  other 
continental  areas.  Among  the  more  genera]  works  of  interest  are 
Dr.  Dawson's  Acadia,  Rogers's  Pennsylvania,  Prof.  L.  Lesquereux 
on  the  Cretaceous  and  Tertiary  floras  of  America ;  those  by  Geinitz, 
Mougeot,  Ettingshausen,  Saporta,  and  G^ppert,  the  botanical  parts 
of  the  Paleeontographica,  and  of  the  Paleontologie  Fran^aise, 
Schimper's  Paleontologie  Y^g^tale,  M.  Qrand  Eury's  ''Carboniferous 
Flora  of  Central  France,"  and  other  papers  in  the  Spanish,  Italian, 
and  Russian  journals. 

The  present  volume  may  be  considered  as  an  addenda  to  the 
"  Fossil  Flora,"  as  it  consists  of  a  series  of  sixty-four  plates,  repro- 
duced by  the  autotype  process,  of  a  selected  number  of  original 
drawings,  which  had  evidently  been  prepared  for  a  continuation  of 
that  work. 

These  drawings  formed  part  of  a  large  collection  belonging  to  the 
late  Mr.  W.  Hutton,  and  were  presented  to  the  North  of  England 
Mining  Institute -by  Mr.  Hubert  Laws.      Having  been  pre^t^ 
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under  the  supervision  of  the  late  Dr.  Lindley  and  Mr.  W.  Hotton 
between  the  years  1835  and  1840,  but  not  published,  the  Council 
of  the  Institute  resoWed  to  publish  the  more  important  figures,  of 
undescribed,  rare,  or  beautiful  specimens,  most  likely  to  prove  of 
value  to  the  student  of  fossil  botany,  and  hence  the  origin  of  the 
above  work,  the  editing  of  which  was  entrusted  to  Mr.  6.  A. 
Lebour,  who  has  appended  to  each  plate  a  few  brief  remai-ks  as  to 
the  general  character  of  the  specimen  figured,  without  a  distinct 
diagnosis,  but  with  slight  references  to  adlied  forms,  and  the  localities 
from  whence  they  were  obtained.  The  editor  has,  however,  made 
use  of  the  notes  referring  to  the  plates  left  by  the  authors  of  the 
''Fossil  Flora,''  or  their  correspondents.  The  specimens  figured 
were  mostly  obtained  from  the  Coal-measures  of  the  North  of 
England,  and  consist  chiefly  of  species  of  Neuropteria,  Pecapteria, 
Sphenopteria,  with  forms  of  SigtUaria,  Lepidodendron,  Calamites 
and  their  foliage,  and  aUo  some  excellent  examples  of  those  am- 
biguous remains  of  plants  referred  to  roots  and  rootlets.  It  may  be 
useful  for  those  who  may  hereafter  wish  to  compare  the  specimens 
referred  to  in  this  work,  to  know  that  the  original  carefully  executed 
drawings  are  in  the  Library  of  the  Institute,  while  the  fossils 
themselves  have  been  deposited  by  the  Council  in  the  Museum  of 
the  Natural  History  Society  of  Newcastle.  J.  M. 

V, — Thesaubtjs  Dkvonioo-Carbonifkbus  :  The  Flora  and  Fauna 
OF  THB  Devonian  and  Casbonifebotjs  Pebiods.  The  Geneba 
AND  Species  Akbanged  in  Tabulab  Fobm,  showing  theib 
Hobizons,  Becubbenoes,  Localities,  and  otheb  Facts.  By 
J.  J.  BiGSBY,  M.D.,  F.B.S.,  F.G.S.,  etc. 

ANOTHER  work  has  appeared  from  the  pen  of  one  of  the  oldest 
and  perhaps  one  of  the  most  painstaking  and  laborious  of  living 
geologists.  In  1868  Dr.  Bigsby  published  his  Thesaurus  Siluricus, 
and  he  now  issues  his  new  volume  of  the  "  Thesaurus  Devonico- 
Carboniferus,"  consisting  of  460  pages  of  closely-printed  matter, 
arranged  in  tabular  form,  the  result  of  eight  years'  continuous  and 
almost  uninterrupted  labour.  To  attempt  to  estimate  by  the  size  of 
the  volume  the  work  accomplished  by  the  author,  large  as  it  is,  is 
totally  to  under-estimate  the  immense  labour  bestowed  and  the 
minute  and  careful  research  required 'to  produce  so  great  a  com- 
pendium of  palsBontological  facts  as  that  attempted  and  so  success- 
fully carried  out  by  Dr.  Bigsby.  Such  works  are  "  lasting  monu- 
ments of  the  learning,  labour,  zeal,  and  research  "  of  their  authors. 

The  author  of  the  Thesaurus  has  chronicled  with  faithfulness  the 
palseontological  results  of  all  that  has  been  done  in  Devonian  and 
Carboniferous  geology  in  Europe,  Asia,  and  America,  tabulating  under 
their  respective  families  every  known  genus  and  species,  with  their 
chief  localities,  and  oney  and  sometimes  two,  references,  commencing 
with  the  PlantsB  in  each  of  the  two  geological  periods,  and  then 
ascending  through  the  whole  Zoological  series,  from  the  Protozoa  to 
the  Pisces  and  Amphibia.  The  great  value  of  this  Thesaurus  to  the 
student  consists  in  the  (almost  in  every  instance)  correct  reference 
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given  to  the  speciea  under  their  respective  genera,  thus  famishing 
us  with  a  census  of  the  Fauna  and  Flora  of  the  Devonian  and 
Carhoniferous  rocks  of  the  world.  Those  who  know  the  detailed 
labour,  time,  and  anxiety  involved  in  making  80,000  to  100,000 
references  will  best  appreciate  the  service  rendered  by  Dr.  Bigsby 
to  Palasontological  science.  The  contributions  of  every  author  are  made 
manifest,  but  so  voluminous  and  complicated  are  works  of  reference 
now,  that  it  is  not  easy,  nay,  at  times  it  is  next  to  impossible 
(except  in  public  libraries),  to  obtain  complete  evidence  of  the 
labours  of  foreign  geologists,  so  as  to  arrive  at  facts  and  reliable 
data  as  to  the  history  and  distribution  of  life  through  time  and  space. 
Such,  however,  is  the  painstaking  and  laborious  nature  of  the  task 
requisite  in  order  to  collect  and  verify  every  species  in  the  Thesaurus 
just  issued  by  Dr.  Bigsby. 

The  plan  is  comprehensive  and  clear,  showing  at  once  the  distri- 
bution of  every  species  known  to  have  existed,  and  which  now 
constitutes  the  Devonian  and  Carboniferous  Fossil  Fauna  and  Flora. 
The  results  of  appearance  and  distribution,  etc.,  are  given  in  separate 
tables  at  the  end  of  each  sub-kingdom  or  class.  This  rdaumd  em- 
bodies both  the  geographical  or  distribution  in  space,  as  well  as  the 
geological  and  stratigraphical,  or  distribution  in  time. 

It  is  the  tabulation  of  such  results  that  leads  to  clear  generaliza- 
tions, and,  as  in  the  present  case,  affording  a  knowledge  of  the  dis- 
tribution of  Devonian  and  Carboniferous  life  over  the  globe,  and  this 
is  the  aim  and  end  of  Dr.  Bigsby's  work.  No  library  of  reference, 
public  or  private,  should  be  without  such  works.  Certainly  no 
geological  library  can  be  said  to  be  complete  that  does  not  contain 
upon  its  shelves  such  works  of  reference  as  will  enable  the  student 
in  natural  science  to  obtain  correct  and  ample  data  both  certainly 
and  readily. 

Dr.  Bigsby  has  greatly  aided  palsdozoic  palsdontologists  by  the 
compilation  both  of  his  Thesaurus  Siluricus,  in  1868,  and  the  present 
contribution  on  the  Devonian  and  Carboniferous  groups,  no  genus  or 
species  seem  to  have  been  omitted  or  overlooked.  Fourteen  countries 
or  areas  in  Europe,  and  fifteen  in  America,  have  been  selected  as 
geographical  localities  for  the  distribution  of  the  Carboniferous 
species.  The. European  are  Ireland,  Scotland,  England,  Belgium, 
France,  Rhenish  Prussia,  Westphalia,  Silesia,  Hartz,  Moravia, 
Bohemia,  Saxony,  Russia  in  Europe,  and  the  Altai.  In  America 
Arkansas,  Kansas,  Nebraska,  Missouri,  Iowa,  Michigan,  Illinois, 
Indiana,  Ohio,  Kentucky,  Tennessee,  Pennsylvania,  Nova  Scotia,  Cape 
Breton,  New  Brunswick.  The  labours  of  the  numerous  American 
and  European  Paleontologists  who  have  enriched  the  literature  of 
their  respective  countries  are  faithfully  dironicled,  and  the  horizons 
and  localities  of  their  fossils  given. 

In  the  Silurian  lliesaurus  of  1868,  Dr.  Bigsby  discussed  with 
great  ability,  under  his  **  facta  and  observations,*'  seven  questions  or 
subjects  of  high  importance  to  a  right  understanding  of  the  distri- 
bution, and  laws  of  life  through  all  time.  These  may  well  be  con- 
sulted with  reference  to  the  present  volume,  bearing  as  they  equallv 
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do  upon  its  "whole  contents.  Those  chapters  on  locality,  first 
appearance,  extinction  of  species,  migration,  and  recurrence,  in  the 
Silurian  Thesaurus,  although  not  given  in  the  Devonian  and  Car- 
boniferous volume  under  notice,  should  be  referred  to  as  master- 
pieces of  logical  deduction.  Continental  and  American  geologists 
and  authors  will  gladly  hail  the  work  before  us,  and  wish  that 
length  of  life  could  be  spared  to  its  author  to  complete  in  the 
same  manner  the  Secondary  formations  of  the  world.  The  geologist 
deals  with  time,  and  time  has  dealt  kindlv  with  the  author  of  the 
Catalogue  of  the  Flora  and  Fauna  of  the  Devonian  and  Carboniferous 
periods.  Oreat  is  the  muster-roll  of  past  life  that  he  has  chronicled 
through  time  in  this  volume,  nor  will  the  chronicler  of  the  future 
fail  to  inscribe  among  the  names  of  the  great  and  good  in  geological 
science,  who  have  by  their  patient  labours  contributed  to  the  store 
of  our  common  knowledge,  the  honoured  name  of  Johk  J.  Bigsby. 


YI. — Stanford's  Gsologioal  Map  of  London  and  its  Suburbs. 
Scale  6  inches  to  a  mile.  The  Qeology  compiled  from  the  Maps, 
eta,  of  the  Oeological  Survey  by  J.  B.  Jordan.  24  Sheets  in 
Portfolio,  with  Index.     (1878.) 

THE  Geological  Survey,  having  published  no  other  map  than  the 
ordinary  one,  on  the  scale  of  an  inch  to  the  mile,  Mr.  Stanford 
has  boldly  come  forward  to  supply  the  want  of  a  larger  one,  using 
for  the  purpose  his  well-known  "  Library  Map  of  London."  The 
work  is  substantially  the  same  as  that  which  forms  the  surface  of 
the  large  model  of  London  in  the  Museum  of  Practical  Geology, 
and  as  Mr.  J.  B.  Jordan  was  employed  in  the  colouring,  etc.,  of  that 
model,  our  enterprising  publisher  has  done  well  in  securing  his 
services  in  the  compilation  of  the  geological  information. 

The  area  of  the  district  represented  may  be  judged  from  the 
places  shown  near  its  comers,  which  are  as  follows : — Wimbledon 
on  the  S.W.,  beyond  Hampstead  on  the  N.W.,  Leyton  on  the  N.E., 
and  Beckenham  on  the  S.E.  The  formations  shown  by  distinctive 
colours  are  Alluvium,  Brickearth,  Gravel  and  Sand,  Lower  Bagsbot 
Sand,  London  Clay,  Oldhaven  Beds,  Woolwich  and  Beading  Beds, 
Thanet  Sand,  and  Chalk.  It  will  be  seen,  therefore,  that  those 
surface-deposits  of  gravels,  brickearth,  etc,  which  have  so  much 
effect  on  the  character  of  the  ground,  although  of  small  thickness, 
are  not  neglected,  but  are  shown  equally  with  the  thicker  formations 
(London  Clay,  Chalk,  etc.).  It  has  not  been  thought  advisable,  how- 
ever, to  distinguish  the  gravels  of  different  ages  (though  this  is  done 
on  the  above-mentioned  London  Model),  those  of  older  date  occurring 
in  such  very  small  areas  as  to  make  the  expense  of  employing  two 
additional  colours  not  worth  incurring. 

Of  course  this  map  does  not  pretend  to  compare  for  accuracy 
with  the  "  Six- inch  "  Maps  of  various  northern  parts  issued  by  the 
Geological  Survey,  the  geology  on  which  has  been  actually  surveyed 
on  that  scale ;  it  is  of  necessity,  to  a  great  extent,  an  enlargement  of 
ihe  **  One-inch  '*  Map,  as  far  as  the  geology  is  concerned ;  though 
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not  altogether,  as  may  be  seen  from  the  description  of  the  London 
Model  in  the  little  ''  Quide  to  the  Geology  of  London,"  published 
by  the  Oeological  Survey. 

Each  of  the  24:  sheets  can  be  had  separately,  or  the  whole 
mounted  together  on  a  roller,  so  that  the  map  can  be  made  available 
for  the  pockety  the  book-case,  or  the  lecture-room. 

So  far  as  we  know  there  is  no  other  case,  but  that  of  the  late 
Mr.  Sanders'  large  map  of  Bristol,  of  the  publication  of  a  geological 
map  on  so  large  a  scale,  as  a  private  enterprise — such  things  are  left 
to  Grovemment  Surveys — and  therefore  we  trust  that  in  the  present 
instance  both  publisher  and  compiler  may  be  well  rewarded.       W. 


Gbolooioal  Society  of  London. — ^I. —  May  8,  1878.  —  Henry 
Clifton  Sorby,  Esq.,  F.R.S.,  President,  in  the  Chair. — The  followitig 
communications  were  read  : — 

1.  ''On  the  Glacial  Phenomena  of  the  Jx>ng  Island,  or  Outer 
Hebrides."  2nd  paper.  By  James  Geikie,  Esq.,  LL.D.,  F.B.S.,  F.G.S. 

In  this  paper  the  author  gave  some  additional  notes  on  the 
glaciation  of  Lewis,  and  a  detailed  account  of  the  glacial  phe- 
nomena of  Harris  and  the  other  islands  that  form  the  southern 
portion  of  the  Outer  Hebrides.  Additional  evidence  was  adduced  to 
show  that  Lewis  had  been  glaciated  from  S.E.,  to  N.W.,  and  the 
shelly  boulder-clays  and  inteiglacial  shell-beds  of  that  part  of  the 
Long  Island  were  described  in  detail.  Harris,  North  Uist,  Benbecnla, 
South  Uist,  Barra,  and  the  other  islands  that  go  to  form  the  chain  of 
the  "  Long  Island,"  were  successively  described  under  the  headings 
of  Physical  features,  Geological  structure,  Glaciation,  Till  or  Boulder- 
olay,  Erratics  and  perched  blocks,  Morainic  debris  and  Moraines, 
Preshwater  lakes  and  Sea-lochs.  Numerous  bearings  of  strise,  which 
abound,  were  given,  and  these  were  held  to  prove  that  the  whole 
Outer  Hebrides  have  been  glaciated  by  ice  Uiat  flowed  outwards 
from  the  mainland  of  Scotland.  The  position  of  abundant  roches 
moutonnies  points  to  the  same  conclusion,  and  this  is  still  further 
supported  by  the  '*  travel "  of  the  TilL  That  deposit  is  generally 
absent  or  very  sparingly  present  on  the  rock-faces  that  look  towards 
the  mainland,  but  it  is  heaped  up  in  their  rear,  and  spreads  over  the 
lower  tracts  that  slope  gently  towards  the  Atlantic.  On  the  west 
side  of  the  islands  not  a  few  boulders  occur  in  the  Till  which  have 
been  derived  from  the  east ;  and  the  same  is  true  of  certain  erratics 
lying  loose  at  the  surface  of  the  ground.  The  islands  are  well 
glaciated  up  to  a  height  of  1600  feet  above  the  sea;  and  the  line  of 
demarcation  between  the  glaciated  and  non-glaciated  areas  is 
extremely  pronounced.  Above  1600  feet  the  hills  show  rugged, 
splintered,  jagged,  and  sometimes  serrated  tops.  The  author  re- 
garded the  Till  or  boulder-clay  as  the  morainic  material  that  gathered 
underneath  the  ice,  and  proof  of  this  is  given.  Erratics  and  perched 
blocks  are  very  numerous,  and  most  of  these,  as  well  as  much  of  the 
morainic  dArxs^  are  believed  to  have  been  dropped  where  we  now 
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find  them  during  the  final  melting  of  the  ioe-sheet.  It  was  shown, 
however,  ttiat  certain  erratics  and  p^xdied  blocks  and  some  well- 
marked  moraines  are  dae  to  local  glaciers,  as  are  also  some  of  the 
striations  in  a  few  of  the  monntain-valleys.  The  origin  of  the  rock- 
basins,  which  are  now  lakes,  was  discussed,  and  attribated  to  the 
erosive  action  of  ioe.  To  the  same  cause  were  assigned  the  rock- 
basins  which  occur  in  certain  of  the  sea-lodis. 

In  concluding,  the  author  pointed  out  that  we  may  now  arrive  at 
a  true  estimate  of  the  thickness  attained  by  the  ioe-sheet  in  the 
north-west  of  Scotland.  If  a  line  be  drawn  from  the  upper  limits  of 
the  glaciations  in  Ross-shire  (3000  feet)  to  a  height  of  1600  feet  in 
the  Long  Island,  we  have  an  incline  of  only  1  in  210  for  the  upper 
surface  of  the  ice-sheet;  and  of  course  we  are  able  to  say  what 
thickness  the  ice  reached  in  the  Minch,  Between  the  mainland  and 
the  Outer  Hebrides  it  was  as  much  as  8800  feet  No  boulders 
derived  from  Skye  or  the  mainland  occur  in  the  Till  of  the  Outer 
Hebrides,  and  this  was  explained  by  the  deflection  of  the  lower 
portion  of  the  ice-sheet  against  the  steep  wall  of  rock  that  faces  the 
Minch.  The  underpart  of  the  ice  that  flowed  across  the  Mindi 
would  be  deflected  to  right  and  left  against  the  inner  ntargin  of  the 
Long  Island;  and  the  deep  rock -basins  that  exist  all  along  that 
margin  are  believed  to  have  been  scooped  out  by  the  grinding  action 
of  the  deflected  ice.  Towards  the  north  of  Lewis,  where  the  land 
shelves  off  gently  into  the  sea,  the  under  strata  of  the  ioe-sheet 
were  able  to  creep  up  and  over  the  district  of  Ness,  and  thus  gave 
rise  to  the  lower  shelly  boulder-clay  of  that  neighbourhood,  which 
contains  boulders  derived  from  the  mainland.  The  presence  of 
the  overlying  interglacial  shell-beds  proves  a  subsequent  melting 
of  the  ice-sheet,  and  a  depression  of  the  land  for  at  least  200 
feet  The  overlying  shelly  boulder-clay  shows  that  the  ice-sheet 
returned  and  oveilflowed  Lewis,  scooping  out  the  older  drift- 
beds  and  commingling  them  with  its  bottom  moraine.  The 
absence  of  kames  was  commented  upon,  and  shown  to  be  inex- 
plicable on  the  assumption  that  such  deposits  are  of  marine  origin ; 
whilst  if  they  be  of  torrential  origin  their  absence  is  only  what 
might  be  expected  from  the  physical  features  of  the  islands.  The 
only  traces  of  post- Glacial  submergence  are  met  with  at  merely  a 
few  feet  above  present  high-water  mark. 

2.  "Cataclysmic  Theories  of  Geological  Climate."  By  James 
CroU,  Esq.,  LL.D.,  F.R.S.  Communicated  by  Prof.  Ramsay,  LL.D., 
F.R.S.,  F.G.S. 

The  author  commenced  by  calling  attention  to  the  great  diversity 
of  the  hypotheses  which  have  been  brought  forward  for  the  explana- 
tion of  those  changes  in  the  climate  of  the  same  regions  of  the 
earth's  surface  which  are  revealed  by  geological  investigations,  such 
as  alterations  of  the  relative  distribution  of  sea  and  land,  of  the 
ecliptic,  and  of  the  position  of  the  earth's  axis  of  rotation,  all  of 
which,  he  maintained,  have  proved  insufficient  or  untenable.  Sir 
William  Thomson  has  lately  maintained  that  an  increase  in  the 
amount  of  heat  conveyed  by  ocean-currents,  combined  with  the  effects 
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of  clouds,  winds,  and  aqueous  vapour,  is  sufficient  to  account  for  the 
former  prevalence  of  temperate  climates  in  the  Arctic  regions,  and 
this  view,  the  author  stated,  he  had  himself  been  contending  for  for 
more  than  twelve  years.  He  thinks,  however,  that  alterations  in  the 
excentricity  of  the  earth's  orbit  is  the  primary  motive  cause,  whilst 
Sir  William  Thomson  believes  this  to  bei  the  submeigence  of  circum- 
polar  lands,  which,  however,  in  Miocene  times,  appear  to  have  been 
more  extensive  than  at  present.  He  pointed  out  Uiat  a  preponderance 
of  equatorial  land,  as  assumed  by  Sir  Charles  LyeU  to  account  for 
the  milder  climate  of  Arctic  regions  in  Miocene  times,  would  rather 
tend  to  loss  of  heat  by  rapid  radiation  into  space,  whilst  water  is  re- 
markably powerful  as  a  transporter  of  heat,  so  that,  in  this  case, 
equatorial  water  rather  than  equatorial  land  is  needed. 

In  speaking  of  the  glacial  climate,  the  author  maintained  that 
local  causes  are  insufiGksient  to  explain  so  extensive  a  phenomenon. 
He  indicated  that  we  are  only  too  prone  to  seek  for  great  or  cata- 
clysmic causes,  and  although  this  tendency  has  disappeared  from 
many  fields  of  geological  research,  this  is  not  the  case  in  alL  His 
explanation  of  the  causes  of  a  mild  climate  in  high  northern  latitudes 
is  as  follows  i—  Qreat  excentricity  of  the  earth's  orbit,  winter  in 
perihelion,  the  blowing  of  the  south-east  trades  across  the  equator 
perhaps  as  far  as  the  tropic  of  Cancer,  and  impulsion  of  all  the 
great  equatorial  currents  into  northern  latitudes ;  on  the  other  hand, 
when,  with  great  excentricity,  the  winter  is  in  aphelion,  the  whole 
condition  of  things  is  reversed ;  the  north-east  trades  blow  over  into 
the  southern  hemisphere,  carrying  with  them  the  great  equatorial 
currents,  and  glacial  conditions  prevail  in  the  northern  hemisphere. 
Thus  those  warm  and  cold  periods  which  have  prevailed  during 
past  geological  ages  are  regarded  by  the  author  as  great  secular 
summers  and  winters. 

3.  *'  On  the  Distribution  of  Ice  during  the  Qlacial  Period."  By 
T.  F.  Jamieson,  Esq.,  F.G.S. 

The  author  believes  that  a  study  of  the  distribution  of  ice  during 
the  Qlacial  period  proves  that  the  greatest  accumulations  of  snow 
took  place  in  precisely  those  districts  which  are  now  characterized 
by  a  very  heavy  rainfall,  and  he  pointed  out  how  exactly  this  is  in 
accordance  with  the  views  of  Prof.  Tyndall  as  to  the  conditions  most 
favourable  to  the  development  of  glaciers.  In  support  of  this  con- 
clusion he  reviewed  the  phenomena  presented  by  the.  most  highly 
glaciated  districts  of  the  British  Islands,  of  Scandinavia,  and  Europe 
generally,  and  of  Asia  and  North  America,  and  contended  that  in 
every  case  his  opinion  is  borne  out,  the  districts  which  are  now  re- 
markable for  an  excessive  rainfall  having  been  formerly  centres  of 
dispersion  for  great  systems  of  glaciers.  The  notion  of  a  polar  ice- 
cap he  held  to  be  opposed  to  many  well-known  facts ;  and  he  dis- 
cussed the  distribution  of  various  forms  of  life  during  and  since  the 
Glacial  epoch,  with  the  object  of  determining  whether  the  drainage 
of  ioe  from  the  great  polar  basin  was  effected  by  means  of  the  de- 
pression of  Davis's  Straits  or  of  Behring's  Straits.  The  evidence 
appeared  to  him  to  be  in  favour  of  the  former  channeL 
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n.— May  22, 1878.— Henry  Cliflon  Sorby,  Eaq.,  F.B.S.,  President, 
in  the  Chair.    The  following  oommunications  were  read : — 

1.  "On  the  Serpentine  and  Associated  Igneous  Books  of  the 
Aryshire  Coast"  By  Prof.  T.  G.  Bonney,  M.A.,  F.G.S.,  Professor 
of  Oeology  at  University  College,  London,  and  Fellow  of  St  John's 
College,  Cambridge. 

In  a  paper  published  in  Q.  J.  0.  S.  xxii.  p.  513,  Mr.  J.  Qeikie  states 
that  the  rocks  of  this  district  are  of  sedimentuy  origin,  a  felspar- 
porphyry  being  the  *' maximum  stage  of  metamorphosis  exhibited  by 
the  felspathio  rocks,"  and  the  diorite,  hypersthenite,  and  serpentine 
being  tSl  the  result  of  metamorphism  of  bedded  rocks.  This  view 
is  also  asserted  in  the  catalogue  of  the  rocks  collected  by  the  G^lo- 
gical  Survey  of  Scotland.  The  author  had  seen  specimens  of  rocks 
from  this  district  which  so  closely  resembled  some  from  the  Lizard, 
that  he  visited  the  Ayrshire  coast  in  the  summer  of  1877.  The  con- 
clusions formed  in  the  field  have  since  been  tested  by  microscopic 
examination.  He  finds  that  several,  at  least,  of  the  group  of 
*'  dioritic  "  rocks  are  of  igneous  origin,  and  are  dolerite  and  basalt, 
since  they  contain  augite,  not  hornblende.  The  serpentine  is  un- 
doubtedly an  intrusive  rock,  the  evidence  being  abundant  and  re- 
markably clear.  One  specimen  can  hardly  be  distinguished  at  sight 
from  the  black  serpentine  of  Cadwith  (Lizard) ;  the  resemblance 
also  is  most  striking  when  the  rock  is  examined  chemically  and 
mici-oscopically.  Examination  of  different  varieties  shows  the 
serpentine  to  be,  like  that  of  Cornwall,  an  altered  olivine-enstatite 
rock.  The  rock  called  hypersthenite  is  also  intrusive.  The  author 
found  no  hypersthene.  There  are  two  varieties — one  a  remarkable 
rock,  consisting  mainly  of  large  crystals  of  diallage,  a  gabbro  ex- 
tremely rich  in  this  mineral  and  almost  free  from  felspar ;  and  a 
gabbro  of  later  date,  much  resembling  the  ordinary  gabbro  of  the 
Lizard,  the  felspar  being  converted  into  a  kind  of  saussurite,  and 
some  of  the  diallage  into  hornblende.  TTie  "felspar-porphyries" 
appeared  to  the  author  in  the  field  to  present  all  the  characters  of 
true  igneous  rock,  to  be  associated  with  tuffs,  and  to  be  unconform- 
able with  the  above-described  group  of  rocks.  Microscopic  examina- 
tion placed  their  igneous  character  beyond  doubt  There  are  also 
some  basalt-dykes  of  later  date  than  the  above.  The  author  is 
accordingly  of  opinion  that  the  principal  conclusions  of  the  paper 
referred  to  above  are  not  warranted  by  either  stratigrapbical  or 
lithological  evidence.  He  considers  it  probable  that  the  "  felspar- 
porphyry,"  like  so  much  of  that  in  Scotland,  is  of  Old  Red  Sandstone 
age,  and  that  the  serpentine  is  of  later  date,  but  Palseozoic. 

2.  "  On  the  Metamorphic  and  Overlying  Bocks  in  the  Neighbour- 
hood of  Loch  Maree,  Ross-shire."    By  Henry  Hicks,  M.D.,  F.6.S. 

The  rocks  in  the  neighbourhood  of  Loch  Maree  have  been  de- 
scribed by  various  authors,  but  chiefly  and  most  recently  in  papers 
communicated  to  the  Geological  Society  by  Prof.  Nicol,  of  Aberdeen, 
and  by  Sir  R.  Murchison  and  Prof.  G^ikie,  of  Edinburgh.  The 
views  held  by  these  authors  in  regard  to  the  order  of  superposition  of 
'  e  rocka  are  well  known  to  be  gcoatly  at  variance,  not  only  as 
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regards  some  of  the  minor  subdivisionSi  but  in  relation  to  the  actual 
age  of  nearly  the  whole  of  the  rocks  to  the  east,  or  those  forming 
\he  Central  Highlands.  The  older  geologists  and,  more  recently, 
Pix>f.  Niool,  hold  the  view  that  the  Central  Highlands  consist  almost 
entirely  of  the  old  fundamental  (pre-Cambrian)  gneiss,  or  rocks  of 
that  age ;  whilst  others,  represented  by  the  late  Sir  B.  Murchison 
and  by  Prof.  Oeikie,  say  that  the  rocks  forming  the  whole  of  the 
Central  Highlands  are  of  much  later  date,  and  for  the  most  part  of 
Silurian  age.  In  the  present  communication  the  author  endeavours 
to  show,  from  results  obtained  by  him  recently  by  a  careful  ex- 
amination of  a  section  extending  from  Loch  Maree  to  Ben  Fyn,  near 
Auchnasheen,  that  the  interpretations  previously  given  are  in  some 
important  points  incorrect,  and  that  this  has  been  to  a  great  extent 
the  cause  of  such  very  diverse  opinions. 

The  section  described  by  him  runs  for  some  miles  along  the  north 
shores  of  Loch  Maree,  is  then  continued  in  a  S.E.  direction  along  the 
heights  opposite  Eilrochewe  and  across  Glyn  Laggan,  and  then  in 
an  easterly  direction  through  the  heights  on  the  north  of  Olyn 
Docherty  to  Ben  Fyn  and  &e  range  of  mountains  to  the  north  of 
Auchnasheen. 

On  the  western  and  for  some  distance  along  the  north  shores  of 
Loch  Maree  the  Lewisian  rocks  (fundamental  gneiss  series)  are  seen 
to  consist  chiefly  of  reddish  or  greyish  gneiss  and  hornblende-  and 
mica-schists.  The  strike  in  these  beds  is  more  or  less  continuous 
from  N.W.  to  S.E.,  varying  occasionally  to  N.  and  S.,  and  they  dip 
generally  at  a  high  angle  and  are  much  contorted.  Besting  uncon- 
formably  upon  this  gneiss  series,  and  forming  here  the  upper  part  of 
the  mountain  Slioch  (about  4000  feet  high),  are  the  Cambrian  con- 
glomerates and  sandstones,  made  up  chiefly  of  masses  of  the  rocks 
below  cemented  together  by  a  comparatively  unaltered  matrix.  In 
this,  however,  he  found  masses  of  other  rocks,  very  similar  to  those 
found  in  the  Cambrians  of  Wales,  and  which  he  thinks  must  have 
come  from  beds  of  an  intermediate  age,  like  the  Pebidian  series  in 
Wales,  and  which  have  either  been  completely  denuded  off  here,  or 
which  must  be  present  in  some  other  area  not  far  distant.  These 
beds  are,  for  the  most  part,  nearly  horizontal ;  but  on  the  east  side 
they  dip  slightly  to  the  S.E.,  where  they  are  succeeded  unconform- 
ably  by  the  quartzites  of  Crag  Boy  (these  quartz  rocks  are  also 
beautifully  exhibited  on  Ben  Eay,  to  the  south  of  Loch  Maree,  and  ' 
resting  unconformably  on  the  Cambrian  rocks  of  the  magnificent 
Torridon  Moimtains).  Alternating  with  these  rocks  are  some  of  the 
so-called  fucoidal  bands,  the  beds  all  dipping  with  a  considerable 
inclination  to  the  S.E.  Upon  the  quartzites  are  seen  the  Limestone 
bands,  occupying  chiefly  the  sloping  ground  on  the  west  side  of 
Glyn  Laggan.  lliese  are  penetrated  by  a  great  mass  of  granitic 
rock,  which  produces  here  considerable  contact-alteration,  the  lime- 
stone, however,  at  some  distance  from  the  mass  being  in  a  compara- 
tively unaltered  state.  In  all  sections  across  Olyn  Laggan  hitherto 
described  the  mass  of  intrusive  rock  is  made  to  penetrate  along  the 
bedding,  and  is  supposed  to  separate  the  Limestone  entvc^V^  tt^^s^ 
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the  upper  aeries  of  rocksi  the  so-called  Upper  Gkieiss,  etc  The 
aathor,  however,  found  another  series  of  sandstones,  calcareoiis 
grits,  and  bine  flags  beyond  the  main  intrusive  mass,  and  oooupying 
a  considerable  portion  of  the  gradually  descending  ground  between 
the  river  and  the  heights  on  each  side.  These  were  also  penetrated 
by  another  arm  of  the  granite,  but,  as  in  the  case  of  the  limestone, 
with  the  sole  result  of  altering  them  near  the  junction.  Prof.  Nicol 
places  a  fault  at  this  point,  and  says  that  the  fundamental  gneiss  is 
here  brought  up  to  give  an  appearance  of  overlying  conformably  the 
unaltered  series.  The  author,  however,  holds,  with  Sir  R.  Murohison 
and  Mr.  G^ikie,  that  the  next  is  a  younger  series,  and  that  it  truly 
overlies  the  unaltered  beds;  but  he  entirely  demurs  to  the  view  held 
by  them  that  these  should  in  any  way  be  called  gneiss  rodcs,  or 
associated  in  any  way  with  beds  which  have  undergone  the  meta- 
m Orphic  change  so  characteristic  of  the  pre-Cambrian  rocks  as  known 
in  this  country,  and  which  could  only  be  induced,  he  believes,  by 
great  depression  combined  with  heat,  moisture,  and  pressure.  On 
examination  he  found  these  upper  beds  everywhere  unaltered,  except 
near  dykes,  and  the  change  there  induced  in  them  was  that  now 
well  known  as  contact-alteration,  and  which  is  so  entirely  distinct 
from  true  metamorphism.  These  beds  all  dip  to  the  S.E.,  and 
attain  a  thickness  of  several  thousand  feet.  They  are  flag-like 
in  character,  are  made  up  chiefly  of  fragmentary  materials,  and 
are  occasionally  even  slightly  calcareous.  They  are  much  like 
some  of  the  Lower  Silurian  flags  in  Wales,  and  are  in  no  d^^ree 
more  highly  altered  than  the  majority  of  those  rocks,  especially 
in  the  more  disturbed  districts.  About  3  miles  to  the  east  of 
Glyn  Laggan  these  beds  die  out,  or  at  least  are  lost;  and  the 
Lewisian  rocks,  fundamental  gneiss,  hornblende-schists,  and  mica- 
schists,  such  as  those  described  on  the  east  of  Loch  Maree,  i^in 
come  to  the  surface,  and  the  whole  of  the  remainder  of  the 
section  consists  of  these  last  rocks,  the  great  mountains  Ben  Fyn, 
Mulart,  and  others  being  entirely  made  up  of  these  rocks  without  a 
vestige  of  the  unaltered  beds  reappearing  there.  Of  the  gneiss, 
hornblende-schists,  and  mica-schists  which  compose  these  moon- 
tains,  it  need  only  be  said  that,  on  comparison  with  others  from 
Loch  Maree,  Graerloch,  etc.,  it  is  impossible  to  recognize  any  dif- 
^  ference  in  them,  the  metamorphism  being  in  each  case  identical  in 
character,  and  garnets  and  other  crystals  oocur  in  them  in  equal 
abundance.  The  strike  in  the  beds  at  Ben  Fyn  he  found  also  to  be 
almost  identical  with  those  on  the  west  coast,  the  dip  being  either  to 
the  N.E.  or  E.,  and  seldom,  if  ever,  south  of  that  point.  He  also 
found  these  rocks,  and  with  a  similar  strike,  in  the  low  ground  in 
Glyn  Docherty,  near  the  road  to  Auchnasheen  ;  and  there  the 
Silurian  beds  are  seen  resting  unconformably  upon  them.  From 
this  the  author  believes  that  the  Cambrian  and  Silurian  beds  are 
contained  in  a  basin  or  depression  formed  of  the  older  rocks,  being, 
however,  now  altered  in  their  dip  and  position  by  slight  faults  and 

^^  some  folding  which  has  taken  place  since  they  were  deposited. 

^^     d.  '*  On  the  Triassic  Bocks  of  Normandy  and  their  Environments." 

^■**F  W.  A.  E.  Ussher,  Esc^.,  ¥.G.a. 
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The  author  stated  that  his  investigations  were  confined  to  the 
provinoes  of  Oalvados  and  La  Manche,  more  especially  the  latter. 
'Having  briefly  alluded  to  the  physical  areas  of  the  Socage  and 
Gotentin,  he  proceeded  to  show  that  whilst  the  Secondary  rocks  were 
confined  to  the  Ootentin,  the  presence  of  several  Palsdozoic  inliers 
proved  that  they  were  of  no  great  thickness.  He  then  briefly 
described  several  sections  illustrative  of  observations  made  by  him 
in  walking  over  the  Triassic  districts  of  Yalog^es,  Montebonrg,  and 
Carentan,  and  of  Bayeux  in  Calvados.  The  results  arrived  at  (as 
far  as  possible,  despite  the  presence  of  drift  concealing  the  Trias 
almost  everywhere)  were  that  the  Norman  Trias  is  composed  of 
gravel,  sands  and  sandstones,  and  marls.  The  gravels  replace  and 
give  place  to  sand  and  sandstone ;  but  the  position  of  the  marls 
could  only  be  distinctly  ascertained  near  Oarentan,  where  they 
underlie  sandstones.  The  gravels  and  sands  either  directly  underlie 
the  infra-Lias,  or  are  separated  from  it  by  a  thin  bed  of  marl.  The 
Norman  Trias  can  scarcely  exceed  200  feet  in  thickness. 

The  author  then  briefly  enumerated  the  Palaeozoic  rocks  of  the 
Bocage,  and  summed  up  the  results  of  Ms  investigations  in  the 
following  conclusions: — 

First,  that  the  Triassic  rocks  of  Normandy  are  the  south-easterly 
prolongation  of  the  Triassic  area  of  Somerset  and  Devon. 

Secondly,  that  Upper  Eeuper  deposits  are  alone  represented  in 
Normandy. 

Thirdly,  that  fragments  of  the  PalsBozoic  rocks  of  what  is  now 
Normandy  were  never  incorporated  in  the  Triassic  rocks  of  DeVon. 

Fourthly,  that  the  constitution  of  the  coasts  of  Normandy,  Devon, 
and  Cornwall  is  such  as  to  justify  a  belief  that  varieties  of  Cambrian, 
Silurian,  Devonian,  and  Granitic  rocks  formed  the  bed  of  the  Triassic 
waters  in  the  area  now  occupied  by  the  English  Channel,. and  that 
to  these  sources  fragments  foreign  to  the  Devonshire  soil  fonnd  in 
the  Triassic  beds  on  the  South-Devon  coast  are  to  be  attributed. 

4.  "On  Foyaite,  an  Elaaolitic  Syenite  occurring  in  PortugaL" 
By  C.  P.  Sheibner,  Esq.,  Ph.D.,  F.Q.S.  Communicated  by  Prof.  T. 
M'Eenny  Hughes,  M.A.,  F.G.S. 

The  name  foyaite  is  derived  from  Mount  Foya,  in  the  south  of 
Portugal,  where  this  rock  occurs  in  the  ancient  province  of  Algarve, 
intrusive  in  Devonian  grauwacke,. where  it  forms  two  dome-shaped 
hills,  the  Foya  and  the  Picota,  rising  respectively  to  2968  feet  and 
2410  feet.  The  texture  of  the  rock  varies  from  fine  to  coarse- 
grained, and  is  sometimes  porphyritic.  An  almost  compact  variety 
occurs  cutting  the  coarser  rock  in  dykes  and  veins.  The  coarser 
rock  occurs  mainly  on  the  southern  slopes,  where,  however,  the 
adjoining  grauwacke  is  less  altered  than  elsewhere.  The  ma8$if  is 
also  cut  by  intrusive  veins  of  phonolite  and  basalt  of  Tertiary  age. 
Much  rock  has  probably  been  removed  &om  the  district  by  denu- 
dation. 

Macroscopically  foyaite  consists  of  orthoclase,  elsdolite,  and 
greenish  hornblende.  Orthoclase  with  imbedded  eleeolite  occurs 
porphyritically.      A  lens  shows   titanite,   biotite,  magnetite,  and 
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pyrite  to  be  aooeBsories.  Hioroaoopioallv  examined,  die  above  con- 
Btituents  are  seen  to  be  present,  and  exhibit  conaideiable  -variety  in 
their  mode  of  ooourrenoe,  together  with  nosean  and  aodaiite  aa 
characteristio  acceesoriea,  and  oooariona]  plagioclaae  (reeognixed  at 
oligoolase),  muscovite,  hiematite,  and  apatite.  The  dJBaolite  is  irre« 
gular  in  outline ;  nosean  and  sodalite  are  often  assuoiated  with  and 
imbedded  in  it.  The  latter  minerals  are  associated  and  inteigxown. 
Their  mode  of  oocurrenoe  and  the  tests  for  their  presence  are 
described  in  detail.  Hornblende  and  aogite  occur  in  foyaite  in 
about  equal  quantities,  associated  and  intergrown.  These  also  are 
fully  described,  as  well  as  the  characteristics  of  the  other  accessories. 
Analyses  of  the  elsdolite  and  the  foyaite  are  given.  The  author 
concludes  by  pointing  cot  the  close  resemblance  of  the  rock  to 
ditix)ite,  miascite,  and  certain  syenites  of  Brevig  and  Cape  Yerd, 
stating  that  on  this  account  there  is  no  need  of  a  special  group  of 
foyaites.  

Natubal  Hibtobt  Sooibtt  of  Montbxal. 

At  the  last  regular  meeting  of  the  Society  for  the  season,  held 
April  29th,  notes  by  Principal  Dawson  were  read  on  some  recent 
discoveries  in  Canadian  Qeology  and  PalsDontology.  Borne  of  these 
related  to  specimens  collected  by  Lieut-CoL  Orant,  of  Hamilton,  in 
the  Niagara  (Wenlook)  formation.  Among  these  are  a  great 
number  of  Graptolitic  forms  belonging  to  the  genera  Deitxmania  and 
Inocaulis,  Many  new  sponges  of  the  Hezactinellid  type,  belonging 
to  the  genera  Astylospongia  and  Auloeopina,  and  a  large  Pierygotu», 
''comparable  in  size  with  the  great  Pierygottu  Anglicus  of  the 
Devonian  of  Scotland,  though  of  much  greater  geological  age. 
Some  small  species  of  Pterygotus  have  been  described  by  Hall  from 
the  Waterlime  formation  of  New  York,  and  a  fragment  of  an  unde- 
soribed  species  has  been  found  by  the  same  palaeontologist  in  tlie 
Clinton  ;  but  the  present  is,  so  far  as  known,  the  first  example  of  a 
large  and  well-developed  species  of  this  genus  from  so  old  a 
formation.  Col.  Grant  hopes  to  obtain  additional  remains.  In  the 
mean  time  the  well-preserved  maxiUiped  or  ectognath  exhibited, 
with  rounded  scaly  basal  part  and  narrow  maxillary  process  with 
about  12  denticles  and  3^  inches  in  length,  is  sufficient  to  indicate 
the  existence  of  a  new  and  large  species,  which  may  for  the  present 
be  named  P.  Canadenm,  and  which  was  a  Canadian  predecessor  of 
P.  Anglicfia.^' 

Among  recent  facts  relating  to  the  geology  of  the  Maritime 
Provinces  of  Canada,  reference  was  made  to  a  '*  new  classification  of 
the  post-Pliocene  deposits,  and  more  especially  the  recognition  of  a 
layer  between  the  typical  Leda  clay  and  the  Saxicava  sand  corre- 
sponding to  the  Udevalla  beds  of  the  Swedish  geologists,  and  which 
he  proposed  to  name  the  Upper  Leda  clay,  llie  Lower  Leda  day 
contains  only  a  slender  fauna  of  highly  arctic  species,  and  corre- 
sponding to  those  found  in  the  permanently  ice-covered  waters  of 
Spitzbergen  and  Baffin's  Bay.  The  Upper  Leda  day  holds  a  very 
rich  fauna  of  Northern  or  Boreal  type,  but  nearly  related  to  that  of 
labrador  at  present" 
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Allusion  was  also  made  "  to  the  greater  certainty  introduoed  into 
the  classifioation  of  the  older  formations,  whioh  enabled  equivalents 
to  be  recognized  of  the  lower,  middle  and  upper  Cambrian  of 
Europe,  and  which  also  showed  that  the  older  Cambrian  rocks  had 
been  partially  changed  into  gneiss  and  mica  slate  with  andalusite, 
and  that  a  large  part  of  the  Silurian  period  is  represented  in  the 
Acadian  provinces  by  volcanic  rocks,  quite  dissimilar  from  the  oon« 
temporaneous  beds  of  the  typical  "  New  York  Series,"  and  more 
resembling  the  English  Skiddaw  and  Borrowdale  rocks,  while  they 
often  have  a  very  close  resemblance  to  the  older  Huronian  series 
which  exists  in  their  vicinity.'* 


BEPLY  TO  MB.  USSHEB  AND  H.E.H. 

SiB, — I  should  not  have  troubled  you  with  a  reply  to  Mr.  Ussher 
were  it  not  called  for  to  prevent  misunderstanding.  I  know  nothing 
of  the  age  of  the  clay  vnth  flints,  nor  of  the  amount  of  denudation 
whioh  has  occurred  since  its  formation.  While  in  Devonshire  I  was 
under  the  impression  that  the  gravels  capping  Blackdown  extended 
(unchanged  in  character)  some  distance  down  the  slopes  into  the 
yalleys,  and  that  the  gravels  with  erratics  on  the  summit  of  Little 
Haldon  extended  continuously  some  distance  downward  on  both 
sides,  and,  on  the  east  side,  in  patches  as  far  as  the  sea-coast,  in  a 
manner  to  me  inexplicable  by  subaerial  re-distribution.  I  thought 
these  gravels  might  possibly  represent  a  part  of  the  glacial  drifts  of 
the  N.W.  and  E.  of  England,  and  I  now  think  it  possible  that  the 
older  Devonshire  gravels  described  by  Mr.  Ormerod,  and  lately  in  an 
able  paper  by  Mr.  H.  B.  Woodward  (Q.  J.  G.  S.  yoI.  xxxii.),  may 
have  been  accumulated  during  a  part  of  the  glacial  period  of  the 
N.W.  and  E.  of  England.  Mr.  Woodward's  sections  very  strikingly 
remind  one  of  the  mode  of  distribution  of  the  glacial  drift  of  the 
N.W.  which  more  or  less  conforms  to  the  slopes  of  the  vaUeys  and 
hills,  and  which  is  more  a  wrapper  than  a  leveller  of  pre-existing 
surfttce-inequalities.  Of  the  age  of  Uiese  older  gravels  relatively  to 
the  **  Head  "  I  cannot  offer  an  opinion,  but  I  have  little  doubt  that  a 
part  of  the  glacial  period  of  the  N.W.  is  represented  by  the  ''  Head  " 
described  by  Mr.  Fengelly,  which  covers  or  rather  covered  (for  it 
has  been  very  much  tampered  vnth  by  man)  the  Miocene  lignite  and 
day  of  the  Bovey  basin.  This  "  Head,"  which  contained  Arctic 
plants,  and  great  numbers  of  undoubtedly  ice-borne  boulders  (one  of 
them  4  feet  in  average  diameter  (1867),  has  undergone  an  amount 
of  fluviatile  and  estuarine  denudation  extremely  insignificant  when 
compared  with  the  excavation  of  the  Valley  of  the  Exe  or  of  the 
pre- Miocene  Bovey  valley.  The  fact  that  the  '*Head"  covers  the 
raised  beaches  of  the  SW.  of  England  does  not  prove  its  post- 
glacial age,  because  the  date  of  these  beaches  relatively  to  those  of 
the  N.W.,  and  indeed  of  the  latter  relatively  to  the  glacial  period  or 
periods,  is  far  from  being  certain.  Mr.  Godwin-Austen  long  a^ 
regarded  the  former  as,  in  one  sense,  pre-glacial.    From  the  lAnd!% 
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End  to  Weston -Buper-Mare  the  raised  beaches  are  more  or  less 
covered  with  "  Head/'  which  often  contains  large  and  nndonbtedlj 
ice-borne  bonlders.  Under  the  raised  beaches  of  the  W.  coast  of 
Cornwall  and  Devon,  traces  of  an  older  deposit  with  ice-borne 
bonlders  may  occasionally,  be  seen,  as  I  have  been  informed  by  Mr. 
Whitley  of  Tmro,  who  has  had  very  extensive  opportunities  of  ob- 
serving these  phenomena.  The  raised  beaches  themselves  sometimes 
oont«dn  very  far  transported  erratics  (washed  out  of  an  older 
glacial  deposit  ?). 

In  answer  to  H.  E.  H.,  it  ought  to  be  remembered  that,  in  Sir  H. 
de  la  Beche*8  day,  the  effects  of  glacial  action  were  but  little  under- 
stood, and  it  is  probable  that  he  never  saw  sections  of  curved 
laminae  like  those  which  of  late  years  have  been  exposed  by  exten- 
sive quarrying  and  mining  operations.  I  would  refer  H.  E.  H.  to 
the  very  able  defence  of  the  glacial  origin  of  persistently  curved 
lamin®  by  Mr.  Tiddeman  in  the  Q.  J.  O.  S.  vol.  xxviii.  p.  480. 

D.  Magkiittosh. 


ON  THE  FAUNA  AND  AGE  OF  TflE  8HINET0N  SHALES. 

Sib, — I  was  glad  to  see  in  your  April  issue  a  letter  by  Dr.  Lin- 
narsBon  on  the  Trilobites  of  the  Shineton  Shales,  as  I  am  desirous 
that  my  conclusions  should  be  tested  in  every  possible  way.  I  have 
carefully  reviewed  every  detail  to  which  he  has  suggested  exception, 
and  beg  to  submit  a  brief  reply  to  his  criticisms.  His  statements 
are  the  following. 

1.  Conocoryphe  mantle  is  more  nearly  related  to  Angelinas  genus 
Eidoma  than  to  Conocoryphe  striata. 

To  this  I  demur.  Eidoma  is  described  by  Angelin  as  covered  with 
a  smooth  crust,  and  with  pieura  acute,  and  hent  hack  at  the  ends,  C\ 
monile  has  a  grantdar  surface  and  hluni  pleur<B.  I  submit  that  these 
are  more  important  characters  than  the  ''  strongly-lobed  glabella 
and  the  dotted  marginal  furrow,"  in  which  C.  monile  is  supposed  to 
resemble  Euloma,  C,  striata  is  larger  than  C,  monile^  has  the  glabella 
more  conical,  and  with  a  third  pair  of  side  furrows,  and  has  the 
frontal  maigin  undotted,  but  on  the  whole  the  two  species  are  of  the 
same  type. 

2.  Lichapyge  is  more  closely  allied  to  Bemopleurides  than  to 
Liehas. 

To  this  also  I  cannot  agree.  Dr.  Linnarsson  assumes  that  in  my 
genus  the  "two  hindermost  thoracal  segments"  are  united  with 
the  pygidium.  If  he  were  to  examine  my  specimen,  he  would  see 
that  it  consists  of  one  undivided  piece,  and  is  therefore  a  pygidium 
only.  This  being  so,  it  cannot  be  related  to  Bemopleurides,  It  re- 
sembles Lichas  in  the  number  of  segments  (three),  and  in  the  shape 
of  the  pleurad,*  but  differs  in  the  telson,  which  in  Lichas  ends  in  two 
denticles,  while  in  lAchapyge  it  forms  a  broad  sword-like  blade  with 
a  central  point. 

d.  PUUypeliis  is  more  nearly  related  to  Niobe  than  to  the  typical 
ipku 
m^adt  called  attention  to  this  point  on  page  659. 
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4.  ConophryB  is  probably  the  same  as  Shtmardia,  Billings,  and  as 
BattuB  pueilluB,  Sars. 

I  oan  say  nothing  to  this,  as  I  have  been  nnable  to  obtain  the 
published  descriptions  of  the  forms  referred  ta 

Dr.  Linnarsson  seems  to  infer  from  the  presence  of  Canoeoryphe 
manile  that  the  Shineton  Shales  are  Upper  Tremadoc  Even  if  his 
opinion  of  the  affinities  of  this  species  were  correct,  we  could  not 
ignore  the  presence  of  two  species  of  OlenuB,  of  Dieiyonema  sodalct 
and  of  other  Cambrian  forms.  Nor  must  we  overlook  the  fact  that 
in  the  Malvern  district  the  Shales  with  Dietyonema  immediately 
overlie  the  black  (Menus  Shales.  I  think  that,  with  our  present 
evidence,  it  will  be  safest  to  correlate  the  Shineton  Shales  with  the 
Lower  Tremadoc.  I  have  just  had  the  good  fortune  to  detect  them 
in  force  between  the  Longmynd  and  the  Stiper  Stones,  the  higher 
beds  forming  the  base  of  the  Stiper  Stones  escarpment.  The  dip  is 
in  the  same  direction  as  the  overlying  Arenigs ;  but  towards  the  top 
of  the  series  (where  it  grows  more  arenaceous  and  flaggy,  as  in  the 
Shineton  area)  the  beds  are  contorted  and  much  jointed.  I  will 
not  venture  upon  theory  on  the  strength  of  one  hour's  work.  It  is 
gratifying  to  find  my  previous  evidence  from  fossils  so  clearly  con- 
firmed, and  to  throw  in  the  teeth  of  the  unbelieving  stratigraphists 
another  proof  that  palsBontology  is  not  quite  exploded. 

Wbllxhoton,  Salop,  Jfay  9M,  1878.  Chablbs  CALliAWAT. 

0RTHI8  REDUX  IN  MIDLAND  BUNTER  PEBBLES. 

Sir, — In  reply  to  the  letter  of  Mr.  J.  H.  Jennings  in  the  May 
Number  of  the  Gbol.  Mao.  it  may  interest  him  to  know  that  the 
Bev.  P.  B.  Brodie  has  drawn  attention  to  the  occurrence  of  fossili- 
ferous  pebbles  in  the  drift  near  Warwick  similar  to  those  which 
occur  at  Bndleigh  Salterton,  in  the  Quart.  Joum.  of  the  OeoL  Soc.  of 
London,  vol.  xxiii.  (1867),  p.  210. 

The  Drift  of  the  Midland  Counties  is  mainly  composed  of  the 
redistributed  Bunter  Conglomerate,  a  formation  which,  as  far  as  the 
pebbles  which  it  contains  are  concerned,  is  lithologically  and  palae- 
ontologically  identical  with  the  Conglomerate  of  S.  Devon.  The 
stratigraphical  position  and  relation  of  the  two  deposits,  so  fEur  as  I 
have  examined  them,  in  both  districts  appears  much  the  same. 

In  the  Museum  of  the  Midland  Institute  is  an  extensive  series  of 
Bunter  material,  collected  from  the  gravel  around  Birmingham, 
which  I  presented  in  1872  to  the  Birmingham  Naturalists'  Society, 
as  well  as  of  specimens  for  purposes  of  comparison  from  the  Bunter 
Conglomerate  itself.  In  1875  I  gave  a  beautiful  series  of  fossili- 
ferous  pebbles  to  the  Jermyn  Street  Museum,  also  from  the  Birming- 
ham Drift.     Orthis  redux  is,  as  at  Budleigh,  one  of  the  commonest 

fossils.  Spenoeb  Geoboe  Pebobval. 

Hbitbuht,  Bristol,  May  11, 1878. 

WHAT  IS  AN  ERRATIC  P 
Sib, — Under  this  title,  in  your  April  Number  for  the  current  year, 
my  esteemed  colleague,  Mr.  Wynne,  argues  that  I  am  wrong  in 
restricting  the  term  to  fragments  which  have  been.  tcdxi^^^^iXAW^^ 
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^^^  and  maintainB  that  it  is  equally  applicable  to  pebbles  and 
K>oUen»  instancing  the  flints  on  the  Irish  coast  and  the  constituents 
^^  tke  Cliesil  Bank  as  erratics,  in  his  sense  of  the  word.  If  the 
Kilk  of  ceologbts  agree  with  Mr.  Wynne  in  this,  I  confess  I  shall 
i«^  wiprised.  Mr.  Wynne  also  disputes  certain  views  of  mine 
fottdiing  minor  details  of  geology  in  the  Salt  Bange,  but  it  is  not 
mr  intention  to  notice  these,  as,  the  ground  being  unknown  to  the 
Kuk  of  your  readers,  the  discussion  would  be  both  tedious  and 
«npix>fitable. 

In  justice  to  myself,  howeyer,  I  cannot  permit  the  second  para- 
Mk|Ui  of  Mr.  Wynne's  letter  to  pass  unchallenged,  as  it  contains  a 
^impleta  and  incomprehensible  misapprehension  of  my  meaning. 
i;ii«  iHissage  runs  thus :  "  In  these  remarks,^  Mr.  Theobald  restricts 
and  applies  the  term  '  Erraiies  *  exclusively  to  certain  blooks  sup- 
fu'ved  to  have  been  ice-transported,  advocating  the  idea  also  (vide 
KH)t*noto)  that  the  word  is  ofdy  applicable  in  describing  recent  phases 
^  gtolagy.'* 

Of  course  I  neither  said  nor  meant  any  such  thing  as  the  extra- 
oitlinary  statement  I  have  italicised  above.  What  I  did  say  was : 
•*  Under  these  circumstances,  therefore,  I  do  not  think  that  these 
ltd  cpranite  boulders  can  be  termed  *  erratics,^  unless  we  fall  back  on 
the  hypothesis  that  all  of  them  have  been  erratics  during  a  former 
and  wholly  difierent  phase  of  geological  life  than  that  which  we  at 
present  have  to  describe  and  deal  with."    (he) 

Now  I  deny  that  my  words  can  fairly  be  twisted  so  as  to  yield 
the  extraordinary  sense,  or  rather  nonsense,  which  Mr.  Wynne 
attributes  to  me;  and  had  my  MS.  not  received  some  mutilation 
(unknown  to  me)  in  passing  through  the  press  in  Calcutta,  this 
misapprehension  of  my  colleague  could  hardly  have  happened.  I 
originally  wrote  some  such  explanatory  sentence  as  the  following : 
**  Unless  on  the  principle  of  once  a  parson  always  a  parson,  we  hold 
that  once  an  erratic,  always  an  erratic."  Of  course  the  Chesil  Bank 
boulders  may  at  one  time  or  anotlier  have  been  erratics ;  but  unless 
on  the  principle  of  the  above  proverb,  they  can,  I  thiuk,  be  teimed  so 
no  longer. 

As  this  is  the  exact  opposite  of  the  ridiculous  view  Mr.  Wynne 
fathers  on  me,  I  wish  to  repudiate  the  mistake  in  the  same  pages 
wherein  it  appears,  to  my  great  discredit  if  uncontradicted. 

Hasrbb,  Panjab,  Ma^  13M,  1878.  W.  ThbobaU). 

WHAT  IS  AN  ERRATIC  P 

Sib, — I  should  have  called  attention  in  the  second  paragraph  of 
mjr  letter,  in  your  April  Number,  1878,  p.  185,  to  the  passage  in  my 
fhend  Mr.  Theobald's  remarks  which  reads  thus :  "  Under  the  head 

•Erratics' my  colleague  describes  othere,  which  are  not 

only,  in  my  opinion,  not  'erratics'  at  all,  but  belong  to  diverse 
geological  epochs." 

This,  together  with  his  footnote,  to  which  I  referred,  left  the 
impression  that,  according  to  him,  "erratics"  must  belong  to  but  one 
that  a  recent  geological  epoch.  A.  B.  Wynne. 

^  Jtecords  of  the  Geological  Surrey  of  India,  toI  x.  part  It.  p.  223. 
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Sib, — Will  you  allow  me  to  make  a  few  corrections  in  your 
abstract  of  my  short  paper  to  the  Geological  Society  (Qeol.  Mao. 
Dec.  n.  Vol.  v.,  No.  IV.,  April,  1878,  p.  181.) 

Line  1    for  **  accesaioa  "  read  "  accessible." 
„    1 2  for  **  on  limestones  "  road  *'  are  limestones.*' 
„    14  for  «  Lei  Ban  "  read  "  Sirban." 
„    26  fketioeen  when  and  present  ineert  "  both  are." 
„    28  for  **  further  east  a  "  read  <*  further  east,  in  the  Salt  Bange  a." 

A*  B.  Wynne. 


SUBGLACLAL  ORIGIN  OP  TILL. 

Sib, — Mr.  Geikie  writes  you  that  "  I  quietly  ignore  all  the  pow- 
Hve  evidence  ''  which  has  been  adduced  in  proof  of  the  subglacier 
origin  and  accumulation  of  the  chalky  Till  of  Su£folk." 

I  know  of  no  such  positive  evidence. 

Per  contra.  Why  does  Mr.  Geikie  so  quietly  ignore  the  positive 
evidence  of  marine  conditions  afforded  by  the  thread  of  sand,  packed 
with  the  remains  of  marine  mollusca  with  valves  adherent,  which 
was  discovered  by  Prof.  T.  M.  Hughes  and  Mr.  L.  Lyell  in  the 
midst  of  the  chalky  basement  clay  of  Holdemess,  which  is  similar 
in  character  and  structure  to  the  dbalky  clay  of  Suffolk  ? 

S.  V.  Wood,  Jun. 


EBBATUM. 

Sib, — ^Not  having  had  the  opportunity  of  examining  the  drawings 
of  Plate  VIII.,  in  the  June  Number,  before  the  stone  was  etched, 
allow  me  to  call  attention  to  some  points  in  which  they  are  defec- 
tive. In  Fig.  1  the  oblique  foraminal  notches  are  not  defined, 
these  are  an  important  character,  and  are  clearly  shown  upon  the 
fossil ;  again,  Fig.  2  does  not  give  tbe  entire  outline  of  the  mandibu- 
lar ramus,  which  is  well  represented  upon  one  of  the  blocks,  inas- 
much as  the  artist  has  omitted  in  his  drawing  the  imperfect  angular 
and  articular  bones  preserved  upon  it,  and  it  is  consequently  half  an 
inch  too  short.  The  enamel  of  the  teeth  is  finely  plicated  on  the 
cutting  edges,  but  the  teeth  are  not  crenulated,  as  the  drawing  of 
the  plications  on  the  enlarged  Figure  2  h  might  suggest  Finely, 
in  ''  Explanation  of  Plate,"  Fig.  2b,  for  inner  read  antero-posterior. 

Wm.  Davies. 


Ebbatvm. — ^We  are  are  requested  to  make  the  following  correction 
of  the  notice  of  Prof.  M'Coy's  "Victorian  Organic  Eemains"  (Decade 
V.)  given  in  the  June  Number,  see  p.  284,  lines  6  and  6  from  top: — 

Sabstitnte  for  **  whether  the  supposed  Mesozoic  genns  Belemnitee  may/'  etc., 
"  whether  the  Mesozoic  genus  Btiemnitee  sapposed  to  occur  in  the  Australian 
Tertiaries  may,'*  etc. 
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REV.  W,  B.  CLARKE,   M.A.,   F.R.S.,   F.G.S. 

We  are  sorry  to  learn  the  death  of  this  distinguished  Australian 
geologist  at  Sydney,  New  South  Wales,  by  telegram,  od  June  17th. 
— Nature.  (We  hope  to  give  a  full  notice  of  Mr.  Clarke  next 
month.)  ^ 

'  RICHARD   DAINTREE,   C.M.G.,   F.G.S. 

The  Standard,  June  24th,  1878^  announces  the  death  of  Mr. 
Bichard  Daintree  (late  Agent  General  for  Queensland)  on  the  20th 
June,  at  his  residenoe,  Holyrood  House,  Beckenham,  Kent  Mr. 
Daintree's  death  will  be  deeply  regretted  by  a  wide  circle  of  geo- 
logical friends.  We  shall  give  a  notice  of  Mr.  Daintree's  geological 
works  next  month. 

PROFESSOR  C.  F.  HARTT. 

The  mail  from  New  York  brings  us  the  sad  news  of  the  death  of 
Prof.  Charles  Frederick  Hartt,  of  Cornell  University.  He  died  on 
the  19th  of  March  last  of  yellow  fever  at  Bio  Janeiro.  Prof.  Hartt 
at  the  time  of  his  death  was  in  charge  of  the  Brazilian  Geological 
Survey ;  he  was  a  native  of  Frederickton,  New  Brunswick,  having 
been  bom  there  in  1840,  but  it  was  in  Nova  Scotia  where  he 
first  followed  geological  pursuits.  After  having  been  a  student 
under  Prof.  Agassiz  from  1862  to  1865,  he  accompanied  that  gentle- 
man to  Brazil  with  the  Thayer  Expedition  in  the  latter  year.  The 
account  of  this  and  a  later  journey  he  embodied  in  "  Scientific 
Kesults  of  a  Journey  in  Brazil — Geology  and  Physical  Geography 
of  Brazil,"  Boston,  1870.  Prof.  Hartt  was  a  diligent  student  of 
Indian  languages  and  folk-lore,  and  not  long  since  published  at  Bio 
a  brochure  on  the  ''Hare  and  Tortoise  Myths  of  the  AmsLzonian 
Indians." 


ALEXANDER  HEATHERINGTON,  F.G.S.,  ETC. 

It  is  with  regret  that  we  record  the  death  of  Alexander  Heather- 
ington, Esq.,  F.G.S.,  late  of  Halifax,  Nova  Scotia.  He  died  at  Toronto 
on  the  8th  of  March  last,  of  pleurisy.  The  province  of  Nova  Scotia 
owes  him  a  debt  of  gratitude  for  his  persistent  efforts  to  promote 
her  progress,  and  bring  her  to  the  front  as  one  of  the  first  gold- 
})roducing  countries  of  the  world.  He  was  a  clever  statistician  and 
the  author  of  "A  Practical  Guide  for  Tourists,  Miners,  Investors, 
and  all  persons  interested  in  the  Gold  Fields  of  Nova  Scotia,"  and 
"  Mining  Industries  of  Nova  Scotia,  a  Review  of  the  Gold  Field 
from  1860  "  to  1873,  1875,  etc.  He  was  editor  and  proprietor  of 
the  ''Mining  Gazette,"  published  at  Halifax,  Nova  Scotia,  a  few 
j'eaTB  ago. 
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of  their  contour,  and  secondly  the  fact  that  these  contours  appear  to 
be  similar.  Pre-eminent  amongst  the  regularly  formed  volcanos  of 
Japan  with  which  I  am  acquainted  I  may  mention  Fusiyama,  12,365 
feet,  near  Yokohama;  Ganjosan,  7000  feet,  near  Morioka;  Chokaisan, 
6000  feet,  between  Niigata  and  Akita ;  Twakisan,  5O0O  feet,  near 
Awomori ;  and  Eumagatake,  2700  feet,  near  Hakodate. 

If  we  look  at  the  profile  of  these  mountains  near  their  summits, 
we  might  be  inclined  to  call  them  conical;  but  if  we  look  at  them 
as  a  whole,  as  we  descend  we  see  this  upper  cone  expanding  and 
sweeping  outwards,  forming  a  graceful  curve.  The  causes  which 
might  produce  or  subsequently  a£fect  this  form  may  be  summed 
up  as  follows. 

1.  The  position  of  the  crater.  If  this  is  central  and  remains  in  that 
position  during  suooessiye  eruptions,  we  may  expect  the  mountain 
to  be  regular  in  form. 

2.  If  the  eruptions  of  a  mountain  are  irregular  in  their  action 
and  character,  tiie  above  regularity  may  be  destroyed.  Thus  by 
paroxysmal  outbursts  portions  of  a  oone  might  be  removed, — if 
lava  is  erupted  at  one  time  and  not  at  another,  or  if  it  accumulates 
on  one  side  of  the  mountain  more  than  on  another,  these  are  all  causes 
which  would  seriously  interfere  with  any  regularity  of  contour. 

3.  Any  outbursts  on  the  side  of  a  mountain,  or  formation  of 
parasitic  craters,  will  also  tend  in  the  same  direction. 

4.  Even  if  the  crater  should  be  central,  but  the  direction  in  which 
the  lapilli  and  other  materials  were  projected  should  be  towards  one 
side  more  than  another,  as  I  sometimes  observed  was  the  case  at  the 
eruption  of  Oshima  in  1877,  the  regularity  of  the  piling  up  will 
also  be  interfered  with. 

5.  The  direction  of  the  wind  during  an  eruption  will  also  in- 
fluence the  shape  of  a  mountain.  On  the  Yedo  side  of  Fusiyaraa 
the  slope  is  less  than  upon  the  opposite  side.  This  I  believe  is  in 
part  due  to  the  wind,  which  at  the  time  of  the  last  eniption  of  that 
mountain,  in  1707,  was  blowing  in  the  direction  of  Yedo. 

6.  The  nature,  that  is,  the  size,  the  specific  gravity,  the  porosity, 
eta,  of  the  materials  thrown  out  will  during  the  actual  accumulation 
and  subsequent  consolidation  give  a  character  to  the  curve  of  the 
dope. 

7.  Lastly,  we  have  the  effects  of  denudation  continually  drawing 
material  to  lower  levels  and  sculpturing  and  modifying  the  original 
contours.  As  this  action  will  generally  take  place  more  or  less 
uniformly  on  all  sides  of  a  mountain,  it  will  be  a  cause  tending  not 
iO  much  to  destroy  the  regularity  of  a  volcano  as  to  alter  the 
diaracter  of  its  slope. 

When  considering  the  various  causes  which  may  produce  denu- 
dation, we  must  remember  that  there  generally  will  have  been  more 
notion  near  the  summit  of  a  mountain  than  near  the  base.  Thus,  for 
eflttwnpl©!  njore  water  falls  at  the  top  of  a  mountain  than  below,  and 
'"ie  little  streamlets  which  cause  disintegration  will  be 
^  '  the  top  of  a  mountain  than  at  the  bottom — the  activity 
lually  towards  the  base.     One  of  the  tendencies  of 
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such  an  action  is  to  make  a  mountain  steeper  near  the  top  than  lower 
down,  an  appearance  which  will  be  again  referred  to. 

If  we  wish  to  discover  an  explanation  for  the  differences  which 
exist  between  the  characters  of  the  volcanos  of  two  countries  like 
Iceland  and  Japan,  it  is  not  to  the  effects  of  denudation  that  we  ought 
to  look,  for  denudation  in  the  case  of  the  volcanos  of  these  two 
countries,  which  are  either  now  in  CMstion  or  else  have  been  so  within 
periods  which  are  almost  historical,  might,  I  think,  be  taken  as  being 
equivalent  to  each  other.  We  must  rather  look  to  the  nature  and 
the  products  of  the  eruptions.  In  Iceland  I  suspect  that  the  out- 
bursts have  been  more  paroxysmal,  whilst  the  number  and  extent  of 
lava  flows  are  perhaps  unrivfidled.  These  causes  have  given  a  ragged 
wildness  to  the  country  and  its  mountains.  In  Japan,  however, 
lava  streams,  although  existing,  are  by  no  means  numerous,  and  the 
mountains,  which  far  exceed  the  height  of  those  in  Iceland,  must, 
generally  speaking,  have  grown  gently  upwards  like  a  heap  formed 
by  sand  falling  through  a  funnel  upon  a  level  floor.  In  consequence 
of  this  it  will  be  shown  that  they  have  in  many  cases  assumed  a 
form  as  symmetrical  as  any  which  would  be  expected  in  an  en- 
gineering earthwork. 

Slopes  of  Volcanos. — If  we  look  at  the  cuttings  along  a  railway, 
we  shall  see  that  their  slope  varies  with  the  material  through  which 
they  are  run.  When  the  material  is  loose  and  friable,  the  slope  is 
more  gentle  than  when  it  is  tenacious  and  has  much  friction  amongst 
its  particles;  for  example: 

For  compound  earth  the  natural  dope  is       ....        60°. 

»       P^^Ol  ))  M  ft  ~««  -—  40  . 

„    dry  sanci        „  „  „  m.m        »••        So . 

„      sand  „  „  „  mmm  .....  2* . 

,,    wei  ciajr        „  ,,  fy  M...        M.»        lo  • 

When  climbing  up  the  sides  of  volcanos  I  have  invariably  observed 
that  the  materials  resting  upon  any  particular  slope  are  uniform  in 
size ;  and  if  we  take  a  piece  of  lava  or  lapilli  which  is  larger  than 
the  other  particles,  and  throw  it  upon  such  a  slope,  we  see  it  com- 
mence to  roll  rather  than  remain  at  rest  From  this  it  appears  that 
we  ought  generally  to  find  the  large  pieces  of  material  which  are 
ejected  from  a  volcano  upon  the  more  gentle  slopes  near  to  the  base 
of  the  mountain.  The  reason  of  this  evidently  lies  in  the  fact  that 
friction  depends  on  surface,  and  weight  depends  on  volume,  and 
that  as  bodies  are  made  smaller  and  smaller  the  ratio  of  their  surface 
to  their  volume  increases  more  and  more. 

Should  we  be  desirous  of  making  any  investigation  respecting  the 
slopes  upon  the  face  of  a  long  escarpment,  or  the  face  of  a  broad 
chain  of  mountains,  the  theory  and  rules  given  by  Bankine  in  his 
Investigations  about  Earthworks  might  be  applied.  In  a  volcano 
or  solitary  mountain,  such  as  those  which  are  now  referred  to,  the 
conditions  would  be  somewhat  different,  as  we  have  to  consider  the 
stability  of  a  mass  of  material  with  a  variable  radius,  whilst  in  the 
former  case  the  radius  might  be  regarded  as  being  infinitely  long. 
As  there  does  not  appear  to  be  any  formula  given  in  books  on 
engineering,  respecting  the  slope  or  form  which  would  \^  «&«viTfiL<^ 
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by  a  heap  of  loose  dirt,  on  engineering  friend  has  shown  me  that 
it  follows  from  Kankine's  theory,  notwithstanding  that  the  same  is 
incomplete,  that  the  surface  is  Uiat  which  would  be  produced  by  a 
simple  logarithmic  curve  revolving  about  an  axis, — consequently 
such  a  heap  would  have  a  slope  diminishing  from  the  top  to  the 
bottom.  Looking  over  my  note-books,  amongst  the  steepest  slopes 
which  I  have  observed  upon  the  sides  of  volcanos  in  Japan,  I  may 
mention  the  following :  Fusiyama,  30^ ;  Asamayama,  28^ ;  Gktnjosan, 
31° ;  Twakisan,  30° ;  and  Kumagatake,  40°.  The  first  four  of  these 
are  outside  slopes  taken  near  the  top  of  the  mountain.  The  last 
observation  was  made  upon  a  slope  of  angular  blocks  of  stone 
inside  an  old  crater. 

Mr.  Scrope  gives  the  slopes  of  volcanos  as  being  from  20°  to  35°, 
towards  the  base  diminishing  to  10°,  and  gradually  ultimately  to 
horizontality.  However,  whilst  fully  recognizing  the  nature  of  the 
true  slope  of  a  volcano,  the  sketches  which  illustrate  works  treating 
of  this  subject  are,  so  far  as  can  be  judged  by  rough  measurements, 
somewhat  misleading.  For  example,  to  quote  from  the  pictures  in 
the  works  of  no  less  a  person  than  the  great  Humboldt,  "  Umrisse 
von  Yulkanen  aus  den  Cordilleren  von  Quito  und  Mexico,"  I  find 
that,  by  rough  measurement,  the  slopes  of  several  volcanos  must  be 
as  follows :  —  Cayambe  TJren,  18,170ft;.,  about  53° ;  Elcorazon, 
14,820ft.,  53°  to  69°;  Chimborazo,  17,712ft.,  B^  \  and  Ilinissa, 
16,362ft.,  BB°,  Whether  these  Matterhom-like  inclinations  really 
represent  reality  or  not,  I  do  not  know,  but  I  should  be  inclined  to 
think  that  artistic  feeling  may  have  caused  them  to  have  been 
unintentionally  augmented. 

Form  of  Volcanos. — The  general  form  of  a  volcano  has  already 
been  suggested  whilst  speaking  of  the  inclination.  To  quote  more 
fully  from  Mr.  Scrope,  he  says,  "  It  should  be  remarked,  however, 
that  the  dykes  being  more  numerous  near  the  central  vent,  their 
aggregate  effect  in  elevating  these  beds  will  be  greatest  there,  and 
give  them  a  steeper  elevation  near  the  summit  than  lower  down  the 
flanks  of  the  mountain.  This  is  one  cause  (but  by  no  means  the 
principal  one)  of  the  angle  of  the  slope  of  the  higher  beds,  and  of 
the  outer  slope  likewise,  usually  ranging  from  20°  to  35°;  while 
towards  the  base  it  diminishes  to  10°,  and  graduates  ultimately  to 
horizontality.  The  more  influential  causes  of  this  general  result 
are  (as  will  shortly  be  shown),  the  frequency  of  lateral  eruptions  on 
the  lower  slopes  of  every  volcanic  mountain,  loading  them  with 
parasitic  cones  and  floods  of  lava,  and  the  abundance  of  fragmentaiy 
matter  carried  down  the  heights  by  rain  and  floods — all  combining 
to  enlarge  the  base." '  Whilst  fully  agreeing  with  the  form  which 
is  here  described,  the  causes  which  are  indicated  as  having  been  the 
principal  ones  in  the  production  of  such  a  mountain  form,  although 
no  doubt,  influential,  are,  I  should  think,  by  no  means  the  principal 
ones.  Of  the  greater  number  of  volcanos  which  I  have  seen  in 
Japan,  the  only  method  which  I  have  had  of  obtaining  their  general 
form  and  curvatures  has  been  by  sketching.      Of  two   of   them, 

^  Scrope,  Volcanos,  p.  167. 
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Fusiyama  and  Eumagatake,  I  have  been  able  to.  obtain  large  photo- 
graphs,— of  the  former  no  less  than  thirty  different  views.  As  these 
piotares,  which  have  a  slight  distortion  due  to  perspective,  were  the 
best  representation  of  the  true  form  of  a  volcano  which  I  could 
obtain,  it  has  been  assumed  that  they  are  correct,  and  they  have 
been  used  in  determining  the  shape  of  the  mountain  in  the  following 
manner.  To  investigate  the  form  of  these  mountains  it  was  first 
required  to  find  an  axis  for  them,  which  was  attempted  by  drawing 
verticals  through  some  objects,  and  their  reflections,  which  happened 
to  have  been  photographed  in  the  foreground  of  one  of  the  pictures. 
Afterwards  it  was  found  better  to  make  tracings  of  the  photographs, 
which  were  doubled  until  a  greater  portion  of  the  profiles  coincided, 
and  then  to  take  the  crease  in  the  paper  as  being  the  median  line 
and  axis. 

Enlarged  drawings  made  by  a  pantograph  were  also  used,  but 
these  were  found  not  to  be  so  convenient  as  the  tracings  from  the 
actual  photographs  which  are  represented  on  the  accompanying 
sketch.  In  the  cases  which  are  represented,  with  the  exception  of 
one  or  two  slight  excrescences  which  are  shown  by  shading,  the 
profiles  are  coincident  with  a  free  curve.  Whilst  looking  at  these 
profiles  it  must  be  remembered  that  any  apparent  differences  in 
curvature,  which  may  be  observed,  are  due  to  the  fact  that  one 
profile  may  represent  only  the  upper  portion  of  a  mountain,  whilst 
another  may  give  a  view  from  the  summit  to  the  base.  Thus,  for 
example,  profile  No.  I.  only  shows  the  upper  portion  of  profile  No. 
II.  The  next  thing  which  was  done  was  to  draw  a  series  of  ordinates 
at  5°^™  apart,  the  length  of  each  of  which  r,  was  accurately  measured, 
and  may  be  seen  in  the  first  columns  of  the  following  tables.  In 
the  second  column,  the  sum  of  each  successive  pair  of  these  ordinates 
jR  is  given,  and  in  the  third  column  their  differences  dr. 

Now  it  is  found,  as  will  be  seen  by  looking  at  the  fourth  column, 
that-^  is  equal  to  a  number  which  is  nearly  constant,  which  is  the 

peculiarity  of  a  Logarithmic  Curve. 

Protilb  No.  I.    Plate  IX. 
Fori  jama,  from  near  Marajama.    S.W.  side. 
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Profile  No.  II.   Plate  IX. 
Fosijama,  from  near  Hitoana.    West  side. 
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Profilb  No.  II.  continued. 
Profile  No.  II.,  with  other  ordinates,  gave  upon  the  left  side  the  following : — 
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I  omit  the  right  side  of  the  profile  because  on  that  side  there  is  a 
distortion  due  to  the  last  eruption  in  1707,  which  was  a  lateral  one. 

Profile  No.  III.    Plate  IX. 
Fusiyama,  from  Siiyama  and  Gotemha.    South-east  side. 
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Profile  No.  IV.    Pkte  IX. 
Eumagatake,  as  seen  when  approached  from  Hakodate. 
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The  right  side  is  left  oat,  beoaiise  it  is  so  very  irregular. 

No.  y.  is  not  calculated,  because  it  is  probable  that  the  only 
photograph  which  I  have  may  have  been  taken  from  a  picture.  It 
is,  however,  useful  as  showing,  as  compared  with  the  others  which 
are  drawn,  a  similarity  in  curvature. 

Considering  that  these  investigations  have  been  open  to  so  many 
errors,  the  picture  being  a  perspective  view,  it  being  small  and 
difficult  to  make  measurements  upon,  there  being  no  accurate  method 
for  obtaining  a  true  axis,  there  being  many  small  irregularities  in  the 
mountain  itself, — the  fact  that  the  calculations  made  from  different 

fictures  should  all  so  closely  approximate  to  each  other  is  eyidenoe, 
think,  sufficiently  converging  for  us  to  accept  the  result  towards 
which  it  points. 

That  this  result  should  agree  with  that  obtained  for  the  stability  of 
a  self-supporting  mass  of  loose  materials  is  very  striking,  and  seems 
to  show,  notwithstanding  its  roughness  and  the  observations  to 
which  it  has  been  applied,  an  invariable  concurrence. 

This  being  the  case,  I  think  we  are  justified  in  regarding  mountains, 
similar  to  those  about  which  I  am  now  writing,  as  having  a  form 
mainly  due  to  the  simple  piling  up  of  material,  and  not  as  cones 
which  have  been  subsequently  modified  by  a  number  of  secondary 
causes,  such  as  are  advocated  in  treatises  on  Physical  Geology  and 
Volcanos. 

Probable  Extstence  of  an  Internal  Core, — Observing  that  the  slight 
discrepancies  which  do  exist  in  the  values  of  ^  are  due  to  variations 
in  the  curvature  near  the  top,  and  at  the  base  of  the  mountain  it  was 
suggested  that  these  might  not  only  be  due  to  external  modifying 
and  sculpturing  actions,  like  those  pointed  out  by  Mr.  Scrope,  but 
also,  perhaps,  to  the  action  of  an  internal  core.  If  we  pour  sand 
upon  a  table,  it  ought  to  form  a  heap,  with  sides  like  those  of  a 
Japanese  volcano;  but  if  we  first  place  a  small  box  on  the  table,  and 
pour  sand  on  the  top  of  it  until  it  is  buried,  the  shape  of  the  heap 
will  be  considerably  altered.  If,  instead  of  a  box  and  sand,  we  take 
a  mountain  like  Fusiyama,  and  imagine  it  to  have  a  core  which  is 
tolerably  flat,  such  as  we  might  have  expected  from  the  more  modest 
of  the  advocates  of  an  elevation  theory,  the  result  would  be  that  the 
present  base  of  the  mountain  would  be  considerably  contracted, 
because  in  this  case  the  core  is  capable  of  resisting  a  greater  pressure 
than  an  equal  bulk  of  cinders  could  resist  Above  the  core  the 
curve  would  be  logarithmic,  from  which  we  may  conclude  that  if 
any  core  exists  in  the  mountains  about  which  I  have  been  vmting,  it 
is  probably  below  the  lowest  line  at  which  measurements  have  been 
made.  To  enter  fully  into  the  effect  which  a  core  would  produce 
upon  the  external  form  of  a  mountain,  is  a  calculation  into  which 
finction  would  enter  as  an  important  factor. 

If,  from  the  shape  of  any  given  mountain,  it  were  supposed  that 
it  had  been  built  up  round  a  more  or  less  cylindrical  core,  it  would 
be  interesting  to  calculate  the  diameter  of  this  core  for  various 
heights.     This  also  can  be  shown  to  be  logarithmic  in  form. 

Building  up  of  a  Volcanic  Mountain. — llie  eruption  at  the  islajid 
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of  OBhima,  of  whioh,  in  1877, 1  was  a  close  spectator,  oommenced  by 
the  throwing  up  of  ashes  from  a  fissure  which  had  for  several  years 
previously  only  given  vent  to  steam.  At  the  time  of  my  visit  a 
quantity  of  these  had  accumulated  to  form  a  heap  of  a  certain 
height  The  form  of  this  heap  was  to  all  appearances  similar  to  that 
of  the  larger  mountains.  For  this  heap  to  increase  in  height,  so  long  as 
the  plane  on  which  it  rested  was  approximately  level,  it  was  necessary 
that  it  should  also  increase  the  diameter  of  its  hase.  Now,  if  the 
sides  of  a  volcanic  mountain  have  slopes  which  are  always  loga- 
rithmic curves,  and  if  we  assume  that  the  area  of  the  top  is  always 
some  fraction  of  the  height,  the  relative  rates  at  which  the  height 
and  the  diameter  of  the  base  increase  can  be  easily  calculated, — and 
if  we  have  given  the  height  of  a  mountain,  we  shall,  under  the 
given  circumstances,  be  able  to  determine  the  diameter  of  its  base. 

The  eruption  at  Oshima  has  now  ceased,  and  the  materials  which 
have  been  ejected  may  be  regarded  as  the  nucleus  of  a  small 
mountain.  By  such  causes  as  the  action  of  its  own  weight, 
infiltration,  etc.,  this  mass  is  now  gradually  becoming  consolidated. 
As  this  embryonic  mountain  is  of  the  best  possible  shape  to  resist 
the  effects  of  denudation  and  weather  generally,  from  wearing  much 
from  its  sides,  this  consolidation  vnll  leave  it  in  a  form  not  very 
much  unlike  that  in  which  it  was  first  raised.  Should  a  second 
eruption  take  place  from  or  near  the  old  crater,  it  will  have  to  pile 
material  on  this  hardened  nucleus,  which,  being  stronger  than  a  mass 
of  loose  ashes,  will  act  like  a  box  beneath  a  heap  of  loose  sand, 
rendering  the  mountain  generally  steeper. 

We  have  evidently  here  in  certain  cases  a  rough  test  as  to  whether 
any  mountain  has  been  produced  by  one  or  more  large  eruptions, 
and  at  the  same  time  an  insight  into  the  probable  method  by  which 
many  volcanic  mountains  have  been  raised. 

Where  there  have  been  many  overflows  of  lava,  these  may  have 
consolidated  like  ribs  or  buttresses  on  the  sides,  and  have  tended  to 
make  the  nucleus  still  stronger,  and,  therefore,  prepared  after  the 
next  eruption  to  support  material  at  a  still  steeper  angle. 

As  the  mountain  increases  in  height,  its  weight,  as  pointed  out  by 
Mr.  Mallet,  probably  produces  a  depression  in  the  base  on  which  it 
rests,  this  being  greatest  under  the  apex  of  the  mountain,  where  the 
pressure  is  greatest.  The  ultimate  result  of  all  this  will  be  that  the 
mountain  will  tend  to  rest  in  a  saucer-shaped  hollow,  and  to  have  its 
lower  beds  dipping  radially  towards  a  centre.  If  this  action  should 
have  taken  place  in  any  mountain,  it  might  at  first  sight  be  con- 
sidered as  influencing  the  external  form  of  the  mountain,  and 
consequently  any  deductions  which  have  been  drawn  from  such  a 
form.  However,  we  must  remember  that  this  sinking  will,  as  com- 
pared with  the  mass  of  the  mountain,  be  small,  and,  also,  it  will  be 
gradual,  so  that,  without  appealing  to  calculations,  I  think  it  will  be 
admitted  that  the  accumulation  of  material  will  more  than  counteract 
such  an  action.  Even  should  there  be  a  sudden  collapse  beneath  a 
mountain  tending  to  produce  any  inequalities  on  its  external  surface, 
these  inequalities  will  represent  material  in  an  unstable  position. 
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whioh  will  gradually  give  way  before  the  tendency  which  the 
mountain  will  always  have,  namdy,  to  assume  that  position  in  which 
the  materials  are  best  arranged  to  afford  to  each  other  a  mutual 
support,  and  this  position  appears  to  be  that  of  the  logarithmic  curve 
which  has  been  described. 

We  have  not  yet  considered  that  these  mountains  have  to  support 
anything  but  their  own  weight,  but  as  Bankine  has  shown  that  the 
logarithmic  form  is  the  best  for  revetement  walls,  or  walls  of  re- 
servoirs, etc.,  without  going  into  calculations,  it  will  be  evident  that 
these  regular  volcanos  are  also  strong  enough  to  support  the  pressure 
of  a  column  pf  lava  of  their  own  height 

In  conclusion,  I  may  remark  that  just  as  it  is  possible  that  the 
fiery  mountains  and  earthquakes  of  Japan  impressed  its  inhabitants 
with  wonder  and  superstition,  so  the  beautiful  forms  of  the  volcanos 
may  have  been  the  first  suggestions  for  the  curvatures  we  see  upon 
the  roofs  of  houses,  and  for  the  massive  walls  which  bound  the  moats 
and  support  the  embankments  of  all  the  castle  towns.  How  far  this 
may  be  true,  I  do  not  know,  but  certainly  the  form  which  has  of  late 
years  been  showii  the  most  stable  for  such  structures,  is  one  which 
in  Japan  has  reached  its  millennium. 

EXPLANATION  OF  PLATE  IX. 
Profiles  of  Volcanos  traced  from  Photographs. 
No.  I.      XTpi>6r  portion  of  Fusiyama,  taken  from  near  Marayama,  S.W.  side. 
No.  II.    Fusiyama,  from  near  Hitoana,  West  side. 
No.  III.  Fnsiyama,  from  Suyama  and  Ootemba,  8.E.  side. 
No.  IV.    Knmagatake,  as  seen  from  near  Hakodate. 
No.  y.      Monte  Somma  and  Vesuvius. 

The  shaded  portions  show  irregularities  in  the  cunrature  of  the  mountains. 
These,  it  will  be  observed,  are  very  small 

The  broken  line on  the  right  of  No.  II.  is  a  logarithmic  curve  drawn 

for  purposes  of  comparison. 
It  suggests  that  No.  11.  was  once  logarithmic,  but  the  upper  portions  of  the 
mountain  have  been  washed  to  the  bottom  to  render  the  mountain  less  steep 
both  above  and  below. 
It  also  might  indicate  that  the  phenomena,  spoken  of  by  Mr.  Mallet,  had  taken 
place,  namely,  that  the  weight  of  the  central  portion  of  the  mountain  had 
caused  an  elevation  round  the  base. 


XL — SOMEBSETSHIBB  COAL-MBASUBES. 
By  H.  E.  H1PPI8LBT,  M.A.,  C.E. 

IT  will  probably  be  conceded,  by  those  who^  have  studied  the 
Somersetshire  portion  of  the  British  Coal-field,  that  the  cor- 
relation of  the  various  parts  of  it  is  not,  at  the  present  time,  so 
perfect  that  any  attempts  to  improve  it  are  entirely  uncalled  for. 
The  following  conjectures '  as  to  whether  some  of  the  facts  relied  on 
as  proving  the  commonly-accepted  theory  of  the  structure  of  the 
Somersetshire  Coal-measures,  and  their  general  correlation  with 
those  in  Oloucestershire,  may  not  possibly  admit  of  an  interpretation 
differing  from  that  usually  assigned  to  them ;  are  put  forward  in 
the  hopes  of  indicating  a  line  of  research  which  may  eventually, 
when  modified  by  the  results  of  further  investigations,  lead  to  a 

^  Being  a  brief  summary  of  an  unpublished  paper  on  the  subject. 
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Bolutioii  of  some  of  the  numeroos  difficulties  at  present  standing  in 
the  way  of  a  satisfinctoiy  understanding  of  this  extremely  com- 
plicated distriot. 

The  commonly  accepted  structure  in  Somersetshire  is  taken  to  be 
as  follows — ^in  descending  order : — 

1.  The  Badftock  meamireB,  sapposed  to  be  wanting  in  Glonoestenhire  and  stated 

to  have  been  remoyed  by  aenadation  there. 

2.  Beda  of  red  shale,  traces  of  which  are  supposed  to  exist  in  Gloucestershire  near 

the  top  of  the  Coal-measures  there. 

3.  Farrington  measures,  supposed  equivalent  to  the  Glouoestershire  upper  series 

measures. 

4.  Pennant 

6,  Lower  series  Coal-measures. 

6.  Millstone  Grit 

7.  Carboniferous  Limestone.  , 

All,  of  course,  more  or  less  disturbed  by  flEtults,  but  still  in  the  above 
order;  and  this  general  relation  of  the  Coal-measures  in  Somerset- 
shire to  those  in  Gloucestershire  is  supposed  to  be  thoroughly  well 
established. 

It  may  be  as  well  to  allude  briefly  to  some  of  the  causes  which 
make  these  (Toal-measures  peculiarly  difficult  to  study  in  such  a 
manner  as  to  be  certain  that  the  results  arrived  at  are  free  from  error. 

About  five-sixths  of  the  Bristol  Coal-field  are  concealed  by  newer 
formations,  rendering  it  impossible  to  trace  the  measures,  or  the 
position  of  the  numerous  faults  of  an  older  date  than  these  newer 
formations,  on  the  surface ;  the  sole  information  obtainable,  when 
the  Coal-measures  are  not  exposed,  being  from  the  workings  at  the 
di£ferent  collieries. 

These  workings  at  different  places  have  in  many  cases  not  been 
connected  by  accurate  instrumental  measurements,  but  often  only 
in  a  vague  and  general  way,  and  by  assuming  perfect  regularity  in 
the  strata  between  the  separate  workings,  when  perhaps  the  very 
contrary  may  be  the  case. 

Absence  of  records  showing  the  full  details  of  pit  sections ;  the 
only  information  obtainable  now,  concerning  many  of  the  older 
sinkings,  being  the  simple  intervals  between  the  seams.  Also, 
faults  cut  through  in  the  shafts  do  not  always  appear  in  the  sections. 

Correlation  of  the  seams  has  occasionally  proceeded  in  rather  a 
haphazard  manner,  the  seams  being  named  first,  sometimes  without 
nearly  sufficient  evidence  as  to  their  identity,  and  then  the  names 
traced  from  one  colliery  to  another  as  if  the  correlation  were  un- 
doubtedly correct. 

The  correlation  would  have  been  much  more  reliable  if  the  full 
detailed  sections  had  been  taken  into  account  instead  of  merely 
fancied  resemblances  and  qualities  and  thicknesses  of  the  coals 
alone,  all  often  extremely  variable  in  comparatively  short  distances. 

The  faults  of  the  district  are  extremely  numerous,  those  shown  on 
the  Geological  Survey  being,  although  by  no  means  few,  only  a 
portion  of  them,  complicated,  and  with  throws  often  very  consider- 
able, and  where  the  throw  of  a  fault  is,  as  usual,  calculated  by  the 
amoimt  of  displacement  of  a  seam  bearing  the  same  name  on  each 
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side  of  the  fault,  it  results  that  if  the  seams  should  happen  to  be 
wrongly  correlated,  the  throw  of  the  fault  may  be  very  dLSerent  to 
that  whioh  it  is  supposed  to  amount  to. 

Uncertainties  as  to  whether  certain  Coal-measure  sandstones  are 
true  Pennant,  or  should  be  taken  as  belonging  to  other  geological 
horizons. 

Contemporaneous  denudation  having  removed  certain  strata  and 
seams  of  coal,  possibly  not  long  after  they  were  formed,  the  seams 
being  sometimes  replaced  by  beds  of  sand,  etc. 

There  are  many  other  difficulties  in  the  way  of  satisfactory 
correlation,  on  which  it  is  not  necessaiy  to  dwell  further,  as  they 
soon  present  themselves  only  too  plentifully  to  any  investigator  of 
the  subject.  It  may  be  briefly  stated  that  the  structure  of  the  district, 
generally,  is  so  much  the  reverse  of  regular,  that  instances  can  be 
pointed  out  in  which  the  strata  met  with  at  the  bottom  of  a  tolerably 
deep  shaft  are  the  same  that  had  already  been  passed  through  at 
the  top  thereof;  and  in  further  illustration  of  the  amount  of  dis- 
location the  district  has  su£fered,  allusion  may  be  made  to  a  locality 
where,  by  simply  crossing  the  breadth  of  a  turnpike  road,  Old  Bed 
Sandstone  may  be  found  on  one  side,  and  Coal-measures  on  the 
other;  the  Lower  Limestone  Shales,  Carboniferous  Limestone  and 
Millstone  Grit  (present  in  force  near  at  hand)  being  entirely  absent, 
to  say  nothing  of  possibly  part  of  the  Old  Bed  and  part  of  the 
Coal-measures  being  likewise  out  out. 

For  the  purposes  of  this  investigation,  and  for  showing  the  local 
variations,  a  considerable  number  of  detailed  pit-sections  have  been 
drawn,  all  to  the  same  scale  and  with  similar  colours  used  for 
similar  descriptions  of  strata,  but  in  this  brief  summary  it  will  be 
sufficient  for  explaining  a  few  of  the  principal  points  on  which 
conjectures  are  hazarded,  if  we  refer  to  only  one  or  two  of  the 
Somersetshire  pits,  and  to  the  general  typical  section  of  the 
Gloucestershire  Coal-measures  by  David  Williams,  pp.  207  to  212, 
vol.  i.  Memoirs  of  the  Geological  Survey,  or  Sheet  11  of  the  Survey's 
Vertical  Sections ;  it  being  suggested  that  this  general  section  con- 
tains, with  of  course  local  variations,  most,  if  not  all,  of  the  strata 
to  be  found  in  the  Coal-measures  of  Somersetshire,  and  thai  the 
equivalents  of  the  Badstock  measures  are  not,  as  usually  supposed, 
missing  in  it,  but  to  be  found  in  a  totally  different  position  to  that 
in  which  we  have  been  accustomed  to  look  for  them. 

If  we  take  the  sections  of  pits  which  are  considered  to  have  been 
sunk  through  both  the  Badstock  and  the  Farrington  measures,  as  at 
Old  Grove  or  Braysdown,  we  shall  find,  that  if  the  measures  beneath 
the  red  shales,  at  those  pkces,  are  correlated,  as  is  usually  done,  with 
the  Gloucestershire  upper  series,  there  is  plenty  of  room  and  to 
spare  on  the  Gloucestershire  section,  for  the  red  shales,  and  for  the 
whole  of  the  Badstock  group  above  them,  but  that  no  such  seams 
occur  in  Gloucestorshire  in  the  position  in  which,  taking  the  Old 
Grove  or  Braysdown  intervals,  we  should  expect  to  find  Uiem.  If, 
however,  we  take  the  section  of  the  Farmborough  sinking  as  re- 
presenting the  Somersetshire  equivalents  of  the  Gloucestershire  u|^^^ 
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indadiiig  the  Gloaoestershire  measnres  above  the  upper  series 
<\^s.  we  find  a  veiy  striking  resemblance,  apart  from  the  oommer- 
cial  T«liw  of  the  ooals,  between  the  Farmborough  and  Gloucestershire 
M<iioii« :  so  that  it  appecurs  as  if  the  commonly  supposed  absence  of 
tW  Radttook  measures  in  Gloucestershire  can  scarcely  be  explained 
br  li^ng  that  the  Gloucestershire  measures,  as  now  existing,  do  not 
^Ktid  miBoiently  in  ascending  order  to  include  the  Radstock  mea- 
fwr^  which  are  usually  stated  to  have  once  existed  in  Gloucester- 
«hii^  but  to  have  been  removed  by  denudation. 

Similarly,  the  position  of  the  red  shale  bed  in  Gloucestershire, 
mpposed  to  be  a  remnant  of  the  red  shales  dividing  the  Radstock 
jfWuu  the  Farrington  measures,  is  vastly  higher  above  the  Glouces- 
l^ur»hire  upper  series  seams,  than  the  red  shales  at  Old  Grove  are 
above  the  so-called  Farrington  seams  at  that  place. 

Affain  referring  to  the  Gloucestershire  general  section,  it  will  be 
(vuna  that  red  shales  occur  in  no  less  than  four  di£ferent  positions — 

1st.  The  bed  already  referred  to  near  the  top  of  the  section,  about 
eighteen  feet  thick  only.  2nd.  Below  the  Gloucestershire  '  Great ' 
Vein,  between  it  and  close  to  the  coal  next  below  it  3rd.  Imme- 
diately above,  and  resting  on,  the  Pennant.  4th.  In  three  beds  of 
similar  thickness  to  those  at  Old  Grove  and  Braysdown,  about  one- 
third  of  the  distance  between  the  Pennant  and  the  Millstone  Grit 

It  is  suggested  that  these  last  three  beds  of  red  shale  may  be  the 
Gloucestershire  equivalente  of  the  red  shales  in  Somersetshire,  which 
are  taken  as  dividing  the  Radstock  and  Farrington  groups  at  Old 
Grove  and  Braysdown,  and  that  the  real  Farrington  group,  that  is 
to  say,  the  group  worked  at  Farrington  Gumey  and  Old  Mills,  are, 
not  the  veins  proved  at  Old  Grove  and  Braysdown  below  the  red 
shales  there,  but  a  group  lower  still  in  the  lower  series,  reaching 
downwards  nearly  to  the  Millstone  Grit,  instead  of  to  the  top  of  the 
Pennant  as  usually  supposed. 

At  Farrington  Gumey  Colliery,  immediately  below  the  New  Red 
Sandstone,  a  bed  of  red-coloured  shale  was  passed  through,  in  all 
probability  merely  ordinary  grey  shale  coloured  red  by  infiltration 
from  the  red  ground  next  above  it,  as  no  such  red  shales  occur  at, 
or  near  to,  a  similar  distance  above  the  '  Cathead '  Vein  at  Old  Mills, 
and  the  position  of  this  bed  of  red  shale  at  Farrington  Gumey  is 
quite  at  variance  with  the  position  in  which,  from  Old  Grove  or 
Braysdown  data,  the  Somersetshire  red  shales  should  occur. 

Cases  are  known  in  which  this  red  colouration  extends  to  a  con- 
siderable depth  beneath  overlying  red  ground,  the  colour  being  not 
merely  in  the  joints  and  bedding  planes,  but  permeating  the  entire 
substance  of  the  shales. 

If  the  detailed  sections  at  Old  Mills  and  at  Ludlows,  Radstock 
(above  the  lap),  are  placed  side  by  side,  with  the  veins  called  at  both 
places  '  Middle '  Vein,  together,  a  very  remarkable  resemblance,  in 
the  details  of  two  sections  of  which  the  component  parts  are  arranged 
in  a  peculiarly  distinctive  manner,  may  be  observed :  so  much  so 
that  the  section  at  one  place  might  almost  be  taken  as  the  section  at 
other.    This  resemblance  is  suflGiciently  remarkable  to  afford 
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grounds  for  suggesting,  that  the  strata  at  these  two  places  may  really 
be  identical. 

lliiB  would  lead  to  a  further  suggestion  that  the  veins  at  Ludlows 
above  the  lap,  as  well  as  the  Farrington  veins,  may  possibly  be  of 
the  lower  series,  and  that  the  detached  masses  of  Carboniferous 
Limestone  at  Luckington  and  Yobster  may  be,  comparatively  speak-, 
ing,  in  their  true  places  as  regards  the  suggested  lower  series  veins 
at  Badstock,  as  far  as  measures  above  the  slide  are  concerned.  In 
short,  that  the  amount  of  the  slide  may  be  far  greater  than  usually 
considered,  and  that  these  masses  of  limestone,  and  the  lower  series 
above  them,  may  either  have  been  brought  down  by  a  simple  slide 
or  landslip,  from  their  original  position  on  the  Mendips,  or  that  there 
is  an  anticlinal  between  Norton  Hill  and  New  Rock.  The  former 
hypothesis  would  involve  a  distance  moved,  of,  roughly,  a  mile  or 
more,  but  instances  have  occurred,  even  in  the  last  century,  of  masses 
of  ground  having  travelled  nearly  four  miles  during  landslips. — 
Lyell's  Principles,  vol.  ii.  p.  130. 

It  is  not  suggested  that  all  the  Radstock  measures  are,  as 
suggested  for  those  at  Ludlows  above  the  slide,  equivalent  to  the 
Farrington  Oumey  or  Old  Mills  measures,  but  that  the  remainder  are 
in  reality,  as  usually  supposed  and  proved,  above  the  red  shales,  but 
beneath  the  Pennant,  and  so  of  the  upper  portion  of  the  lower  series. 

It  has  been  remarked  that  the  position  of  the  Pennant  gives  the 
key  to  the  understanding  of  the  whole  district,  and  so  it  undoubtedly 
would  if  we  could  be  certain  that  it  really  was  the  true  Pennant  we 
had  selected  as  our  starting-point ;  but  as  it  has  already  been  shown 
in  the  Eingswood  district,  that  a  Coal-measure  sandstone,  long  con- 
sidered to  be  Millstone  Grit,  was  in  reality  not  so,  we  are  by  no 
means  certain  that  sandstones,  long  considered  to  be  true  Pennant, 
are  so  in  reality,  merely  on  account  of  the  length  of  time  during 
which  they  have  been  so  called. 

There  are  several  heavy  beds  of  sandstone  which  have  been  sources 
of  confusion  as  to  the  true  Penbant  (confining  the  term  Pennant  to 
that  of  the  Geological  Survey,  and  including  its  extension  down- 
wards in  the  Nettlebridge  and  other  districts) ;  amongst  them  is  a 
bed  66  feet  thick  as  sunk  through  at  Old  Mills,  the  base  of  it  being 
63  feet  above  the  **  Cathead  "  Vein  there,  which  bed  of  sandstone  is 
suggested  as  lying  between  the  bottom  of  the  sinkings  at  Old  Grove, 
Braysdown  and  Grayfield  and  the  top  of  the  suggested  true  Farring- 
ton measures ;  possibly  giving  rise  to  the  belief  Uiat  Old  Grove,  etc., 
were  supra- Pennant  This  bed  of  sandstone  is  also  very  prominent 
at  Temple  Cloud,  being  somewhat  thicker  and  several  times  repeated 
by  faults  there,  and  has  often  been  described  as  true  Pennant  at  that 
place,  apparently  principally  on  the  grounds  that  it  has  been  quarried 
for  building  purposes,  as  its  thickness  is  easily  to  be  measured. 

The  other  sandstone  beds  which  have  done  duty  for  Pennant  need 
not  be  discussed  in  this  summary ;  it  is  sufficient  to  remark  that, 
apart  from  the  evidence  afforded  by  organic  remains,  it  is  often 
impossible,  from  lithological  character  alone,  to  be  certain  whether 
a  specimen  is  Millstone  Grit,  Pennant,  or  one  of  the  other  Cool- 
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measure  Bandstones.  Frequently  the  lithological  character  is  so 
entirely  distinct,  that  any  one  could  tell  the  difference,  say,  between 
a  specimen  of  Millstone  Grit  and  Pennant ;  but  this  marked  difference 
sometimes  merges  into  a  marked  resemblance,  and  it  may  often  be 
impossible  to  obtain  organic  remains  to  decide  the  question.  It  is 
always  to  be  remembered  that  sandstones,  even  if  of  no  very  great 
thickness,  are  apt  to  claim  an  undue  share  of  attention  as  to  the 
proportion  of  a  district  that  they  occupy,  partly  owing  to  their 
hardness  and  the  consequent  difficulty  or  expense  in  working  in 
them  underground,  and  partly  from  their  prominence  (from  hardness) 
at  the  surface,  rendering  the  observer  apt  to  neglect  the  greater  bulk 
of  softer  measures  which  do  not  show  themselves  in  such  an  ob- 
trusive manner. 

Other  subjects  in  connexion  vnth  the  correlation  of  the  district 
are  treated  of  in  the  original  of  this  summary,  the  lucidity  of  which, 
it  is  feared,  suffers  somewhat  by  compression  and  by  the  absence  of 
the  drawings  showing  suggested  correlation  of  seams ;  amongst  them— * 

As  to  the  process  by  which  the  commonly  accepted  theory  has 
arisen  from  the  extremely  complicated  structure  of  a  district  in 
which  it  is  perfectly  impossible  to  trace  on  the  maps  boundaries  of 
series  or  crops  of  strata  by  flowing  curved  dotted  lines,  as  some- 
times attempted. 

That  some  different  conclusions  would  have  been  arrived  at  if 
sections  had  always  been  drawn  to  a  natural,  and  not  to  a  distorted, 
scale,  which,  however  convenient  for  some  purposes,  is  peculiarly 
inapplicable  to  sections  consisting  largely  of  inclined  strata. 

As  to  the  structure  in  the  two  mile  interval  between  New  Bock  and 
Norton  Down,  and  at  Strap  Pit,  Downside. 

As  to  structure  at  Coal  Pit  Lane,  Bishop's  Sutton  and  Temple  Cloud. 

Bemarks  on  some  of  the  faults,  with  a  simple  explanation  of  the 
cause  of  inequality  of  overlap  at  the  Badstock  slide  fault 

But  sufficient  has  already  been  written  to  show  the  general 
direction  in  which  inquiry  into  a  confessedly  difficult  subject  may 
be  carried  on,  and  in  conclusion  the  writer  begs  to  thank  the 
many  able  men  engaged  in  the  district  who  have  kindly  afforded 
information,  rendering  it  possible  to  arrive  at  conclusions,  which, 
though  not  put  forward  by  any  means  as  final,  or  incapable  of  much 
improvement  by  the  evidence  of  further  facts  from  new  workings, 
would,  but  for  their  aid,  have  been  founded  on  insufficient  data. 

Probably  the  amount  of  coal  within  reach  in  this  district  is  just  as 
large,  whether,  though  the  Coal-measures  may  be  shallower  in  it 
than  usually  supposed,  it  contains  chiefly  only  one,  the  lower,  series 
of  measures  so  thrown  up  and  down  as  to  be  within  reach  at  almost 
any  point,  or  whether  it  consists  of  three  unbroken  basins  one  within 
the  other ;  and  it  is  evident  that  if  at  a  colliery  we  have  a  set  of 
seams  that  are  found  to  be  of  good  quality  for  various  purposes,  it 
makes  no  difference  as  to  their  suitability  or  value,  whether  they 
belong  to  an  upper  or  a  lower  series,  though  a  correct  notion  of 
correlation,  if  we  can  arrive  at  it,  is  of  the  highest  importance  for 
new  winnings  or  from  a  geological  point  of  view. 


A.  G.  Cameron — Peat  Deposits  at  Kildale,  etc,        351 

m. — ^NOTES  ON   SOUS  PbAT  DEPOSITS   AT  ElLDALS  AND  WeST 

Hartlepool.^ 

By  Alan  Grant  Camb&on, 

of  the  Geological  Surrey  of  England  and  Wales,  Member  Yorkshire  Geological 

Society. 

NEAR  EUdale,  a  small  village  on  the  North  Yorkshire  and 
Cleveland  Bailway,  not  far  from  the  source  of  the  river  Leven, 
a  railway  cutting  close  to  the  station  shows,  in  descending  order,  the 
following  section. 

(a)  Peat        14  feet. 


s 


)  Sandy  nnderclay  2    „ 

a 


[c)  Pale  marly  sand  15 

(a)  This  deposit  is  circular  in  shape,  being  14  feet  thick  in 
greatest  thickness,  thinning  away  in  all  directions.  It  is  pale  brown 
in  colour,  tough  and  leathery  in  structure,  and  appears  to  consist 
chiefly  of  decomposed  wood,  stumps  and  roots  being  easily  recog- 
nized in  it.  Remains  of  Deer,  C&rvus  elaphug  (Red-deer)  and  Cervus 
tarandus  (Reindeer),  have  been  found  in  the  lower  part  of  the  peat, 
the  antlers  especially  being  well  preserved.* 

(b)  Below  the  peat  a  sandy  underclay  usually  occurs,  of  variable 
thic^ess,  the  average  being  about  2  feet.  A  thin  band  of  bog  iron- 
ore  is  often  at  the  base  of  this. 

(c)  This  deposit  consists  essentially  of  fine  white  sand,  its  yellow 
marly  appearance  being  due  to  the  great  abundance  of  Lymnea 
peragra,  mostly  in  a  broken  condition.  In  some  parts,  however, 
this  shell  may  be  found  in  a  capital  state  of  preservation,  accom- 
panied by  minute  specimens  of  Pisidium  amnicum  y  Helix  nemoralis  ? 
and  Acicula  fusca^  and  fine  specimens  of  Hdix  aspersa. 

The  sand  is  sometimes  cemented  together  by  the  lime  in  these 
shells,  and  has,  then,  somewhat  the  appearance  of  a  calcareous  tufa. 
At  the  base  of  the  cutting,  water  still  collects,  issuing  from  the  Middle 
Glcicial  Sands,  upon  which  the  whole  deposit  rests. 

In  this  water  Lymnea  peragra  still  occurs  in  hundreds.  There 
seems  little  doubt  that  this  deposit  is  not  of  any  great  antiquity, 
although  we  have  not  been  able  to  ascertain,  positively,  whether 
human  beings  lived  in  this  district  or  not  before  the  peat  formation, 
though  it  seems  more  than  possible,  that  this  tarn  or  pond  had  some 
connexion  with  the  moat  round  the  old  castle,  which  formerly  stood 
close  by,  but  of  which  not  a  stone  now  remains. 

A  somewhat  similar  deposit  to  the  above  occurs  at  the  Slake, 
West  Hartlepool,  where  recent  excavations  revealed  the  following 
section  in  descending  order. 

(a)  Soft  peat        ... 8  feet   0  inches, 

(b)  Blue  underclay         1    „   10     „ 

(c)  Boulder-clay 10    „     q     „ 

(a)  is  a  soft  peat,  brown  in  colour,  containing  numerous  trees, 

^  This  paper  is  published  by  permission  of  the  Director  General  of  the  Geological 
Surrey. 

'  Seamer  Carr  (once  a  lake),  near  Stokesleyin  Clereland,  when  being  drained,  was 
found  to  be  a  peat  bog,  from  which  numerous  skulls  and  antlers  of  deer,  and  the 
skeleton  of  a  large  ruminant^  are  said  to  haye  been  dug  out.  A  stone  celt  was  also 
picked  up. 
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stumps,  and  leaves  matted  together.  These  vegetable  remains 
are  natives  of  the  country.  Of  24  stumps  measured,  the  greatest 
ciroumferenoe  was  12  feet,  the  trees  being  from  18  to  20  feet  in 
length.  Horns  of  ruminants  and  the  fruit  of  trees  have  also  been 
found.^ 

(b)  Underlying  the  peat  is  a  thin  bed  of  blue  clay  in  which  the 
trees  probably  had  root. 

(c)  Chocolate-ooloured  Boulder-clay,  with  pebbles  and  scratched 

stones,  many  being  of  the  fundamental  Magnesian  limestone  and 

contiguous  Trias  rooks.    Boulders  of  granite,  basalt  and  nodules  of 

gypsum  are  also  found.    Near  the  base  of  the  clay  section  is  a  thin 

sand  bed  10  inches.    The  "boys"  left  by  the  workmen  to  measure 

the  excavations,  in  another  part  of  the  Slake,  showed 

Sea  B&nd        2  feet  10  inches. 

Shell  bed,  cockles,  mussels  ...        0    „     4     „ 

Dftuu  ••«  •«.  ...  ...  X     ,f       O        „ 

Bed  day  with  pebbles. 
The  Slake  appears  to  have  been  a  hollow  eroded  out  of  slightly 
inclined  Boulder-clay,  constituting  a  fresh- water  lake,  which  merged 
gradually  into  a  bog  or  morass,  over  which  in  time  the  sea  broke, 
forming  a  bay  which  finally  silted  up.  This  peat  is  part  of  a 
so-called  sub-marine  forest  which  has  long  hem  known  to  exist 
between  Hartlepool  and  Seaton  Carew.  After  a  hurricane  has 
blown  off  the  superficial  covering  of  sand,  the  peat  can  be  traced 
in  patches  along  the  shore  from  Hartlepool  as  far  as  the  Trias  rocks 
at  Seaton. 


lY. — On  a  Method  of  Estimating  the  Extent  of  Geological 

Abeas. 
By  TowNSHEND  M.  Hall,  F.G.S. 

FOR  many  purposes  it  is  often  desirable  to  form  some  approximate 
estimate  of  the  area  occupied  by  a  particular  deposit,  and  in 
working  out  the  topography  of  any  county  or  district  (especially  for 
agricultural  purposes),  it  is  frequently  necessary  to  ascertain  the 
relative  extent  covered  by  the  various  formations.  This  information, 
in  every  instance  which  has  come  under  my  knowledge,  has  been 
obtained  by  measuring  on  the  map  with  a  rule,  and  entering  the 
results,  according  to  the  scale,  as  so  many  square  miles  of  surface. 
Notliing  being  more  uncommon  in  nature  than  a  straight  line  of 
boundary,  every  one  who  has  made  the  attempt  must  be  aware  bow 
impossible  it  is  to  reduce  with  any  degree  of  accuracy  to  a  geometric 
figure  such  lines  as  those  to  be  found  on  most  geological  maps,  and 
having  recently  had  occasion  to  make  a  calculation  of  this  nature, 
for  Devonshire,  I  wish  to  describe  a  very  simple  method  which  I 
adopted  with  success. 

As  an  ordinary  map  is  supposed  to  be  a  counterpart  on  a  certain 
reduced  scale  of  the  boundaries  of  the  district  it  represents,  so  a 
geological  map  would  be  presumed  to  show  the  exact  limits  of  each 

^  Younp^  and  Bird,  in  their  "  Geolo^cal  Survey,**  mention  having  found  in  this 
t  at  Uartlepool,  the  remains  of  insects,  particularly  the  elytra  of  beetles. 
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formation.  Proceeding  on  this  reasoning,  it  ooonrred  to  me  that, 
instead  of  the  very  troublesome  and  uncertain  method  of  bringing  the 
areas  into  figures  and  measuring  tJieir  superficial  extent,  it  might  be 
quite  possible  to  arrive  at  equally  good,  if  not  better  results  by  means 
of  scales  and  weights — in  other  words,  by  cutting  out  in  the  paper 
the  areas  according  to  their  outline,  and  then  weighing  them  sepa- 
rately, the  products  being  taken  either  as  parts  of  the  whole,  or 
compared  with  one  another.  To  insure  success,  in  addition  to 
accurate  weights,  an  absolute  uniformity  in  the  quality  and  weight 
of  the  paper  is  a  sine  qud  non,  and  the  separate  sheets  on  which  the 
Ordnance  Maps  are  printed  would  not  always  fulfil  this  latter  re- 
quirement I  was  consequently  led  to  adopt  a  safer  and  less  ex- 
pensive method  than  that  of  cutting  up  the  maps  themselves.  The 
area  of  Devonshire  being  so  large,  measuring  on  the  scale  of  one  inch 
to  the  mile,  six  feet  in  height,  by  five  feet  eight  inches  in  width,  I 
could  not  procure  any  single  sheet  of  paper  of  these  dimensions: 
however,  two  or  three  copies  of  the  "  Times  "  afforded  an  excellent 
substitute,  and  as  it  is  manufactured  by  rolls  of  some  miles  in  length, 
it  may  be  supposed  that  it  would  be  uniform  both  in  quality  and 
weight.  To  prove  this,  I  first  laid  the  sheets  over  the  Ordnance 
Maps,  and  cut  out  very  carefully  the  boundaries  of  the  whole  county. 
Then  taking  the  square  mileage  of  Devonshire  from  the  official 
returns,  I  measured  off  with  a  rule  as  large  a  piece  of  paper  as 
would  represent  the  square  root  of  this  known  quantity.  The  weight 
of  the  two  sheets  when  put  into  the  scale  exactly  coincided,  viz. 
107*5  grammes.  Being  satisfied  thus  far,  I  proceeded  to  cut  out  in 
the  paper  all  the  formations  according  to  the  boundaries  laid  down 
by  the  Geological  Survey.  These  portions  were  weighed  separately, 
placing  all  the  strips  representing  alluvium  together,  then  all  the 
greensand,  and  so  on  down  to  the  Carboniferous  and  Devonian.  The 
results  were  then  calculated  as  proportional  parts ;  the  whole  area 
of  the  county  being  taken  as  100,  and  by  this  means  I  obtained  the 
following  figures  :— 

Metamorphic  Rocks  (Start  Point  and  Bolt  Head)         ...  0*74 

Devonian  eeries     26-71 

Carboniferous        41-93 

irranifie       ...        ...        ...        ...        ...        ..«        ...  y-oo 

Triassic  series        ;        ...  14*44 

J-*»a"             ..•         ...         ..•         ••.         ...         ...         ...  "  wi 

Cretaceous ...  4*47 

Miocene      ...        ...        ...        ...        ...        4*46 

AlluYiom 2*00 


100-00 

I  sliould  add  for  the  information  of  those  who  may  wish  to  try  the 
experiment,  that  as  newspaper  is  too  thick  to  admit  of  tracing  the 
boundary  lines  through  it,  1  laid  a  large  plate  of  glass  on  the  map, 
and  with  a  pen  traced  the  lines  on  its  surface.  Before  the  ink  had 
time  to  dry,  the  paper  was  spread  on  the  glass,  when  the  lines  were 
transferred  to  it,  as  in  a  lithograph. 
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I. — On  thb  Zonb  of  Ammonites  acanthicus  ob  Ammonites 

TENUILOBATUS,^ 

IN  an  elaborate  memoir  descriptive  of  the  fossils  and  localities  of 
the  zone  of  Am,  acanthicus  in  the  Swiss  and  Savoy  Alps,  M.  K 
Favre,  after  a  careful  comparison  of  the  fossils  with  those  from  other 
Jurassic  strata,  together  with  remarks  on  the  nature  and  age  of  the 
fauna  of  this  zone,  gives  the  following  risuini  of  his  researclies. 

1.  There  is  no  general  break  in  the  Upper  Jurassic  strata  in 
the  Alpine  or  Mediterranean  regions. 

2.  The  zone  of  Am.  acanihiais  of  the  Alps  of  Switzerland  and  of 
Savoy  is  the  equivalent,  in  the  Eastern  Alps,  of  the  zone  of  Am, 
tenuxlobatuSy  and  Am,  isotypua  and  of  the  zone  of  A,  Beckeri, 

3.  It  is  the  equivalent,  in  the  Jura,  of  the  zone  with  Am.  tenuUobattu, 
and  of  the  zone  with  Am,  Eudoxua  and  Am.  psetidomutabUis. 

4.  The  zone  of  Am,  tenuilohatus  is  the  exact  equivalent  of  the 
Astarte  zone  (terrain  (utartien),  of  which  it  is  only  a  peculiar  facies. 

5.  The  stratigraphical  position  of  the  zone  Am,  acanthicus  and  its 
pala&ontological  affinities  unite  it  closely  with  the  Eimmeridgian. 

6.  In  all  the  Alpine  region,  there  is  a  very  marked  palaeontological 
line  between  the  zone  of  Am.  acanthicus  and  the  strata  upon  which 
it  reposes,  which  are,  either  the  zone  of  Am.  transversarius  or  of  Avi. 
himammatus.  The  latter  has  more  affinity  with  the  subjacent  strata 
and  ought  to  be  classed  in  the  Oxfordian.  There  is,  on  the  con- 
trary, a  close  palaeontological  relation  between  the  zone  with  Am. 
acanthicus  and  the  Tithonian  strata  which  overlie  it. 

7.  The  general  classification  which  would  best  suit  the  whole  of 
the  Alpine  strata  would  be  to  fix  the  upper  limit  of  the  Oxfordian  at 
the  base  of  the  zone  with  Am.  acanthicuSy  and  to  give  the  name  of 
Kimmeridgian  (or  Alpine  Kimmeridgian)  to  the  whole  of  the  betls 
comprised  between  the  Oxfordian  and  the  strata  of  Berrias  or  the 
base  of  the  Neocomian.  This  name  should  be  employed  here  in 
the  sense  which  M.  Waagen  gave  to  it  in  1865 ;  and  which  M.  Loriol 
also  attributes  to  it;  except  a  slightly  less  extension  of  the  lower 
part,  the  last  author  makes  it  to  include  all  the  strata  to  the  zone  of 
Am.  transversarius.  However,  this  latter  difference  is  not  very  im- 
portant in  this  region,  since  the  Corallian /actc«  inferior  to  the  zone 
of  Am.  acanthictis  is  not  here  developed.  The  zone  with  Am. 
acanthicus  would  be  the  Lower  Kimmeridgian,  and  the  Tithonian 
beds  the  Upper  Kimmeridgian.  The  equivalents  of  the  Jurassic 
and  Alpine  facies  are  approximately  given  in  the  accompanying 
liable : 

^  E.  Favre,  La  Zone  k  Amman,  aeanthieut  dans  lea  Alpcs  de  la  Suisse  et  de  U 
Savoie. — P.  De  Loriol,  Monographie  paleontologique  de  la  Zone  k  Am.  tenutfohtm 
du  I^adeu. — ^^moireti  de  la  Soci^tc  ral6outologique  Suisse,  Basel,  1877,  vols.  3,  4. 
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n. — Land  Plants  in  the  Silubian  Eocks. 

Count  Saporta,  in  his  report  to  the  Academy  of  Sciences  on  the 
Fern  {Eopteris  Andegaversis),  obtained  from  the  Silurian  slates  of 
Angers,  remarks  that  this  important  discovery  was  forestalled  in 
America,  where  remains  of  Silurian  land  plants  had  been  found. 
The  first  of  these,  found  some  years  ago  by  Dr.  S.  S.  Sooville,  in 
shale  of  the  Cincinnati  group,  and  provisionally  referred  to  Sigillariaf 
were  briefly  described  in  the  American  Journal  of  Science  for  1874 
(p.  31).  Dr.  Newberry  also  noticed  them  in  the  same  Journal 
(p.  110),  and  consider^  they  were  casts  of  some  large  Fucoids  or 
marine  plants.  These  remains  have  been  again  studied  by  Prof. 
Leo  Lesquereux,  together  with  other  specimens  sent  to  him  from 
the  Silurian  of  Cincinnati  and  also  from  the  Lower  Helderberg  sand- 
stone of  Michigan,  which,  from  their  characters,  seem  to  him  to 
be  evidently  representatives  of  land  vegetation,  and  the  description 
of  them  was  communicated  to  the  American  Philosophical  Society 
(Oct.  19th,  1877).*  The  following  are  the  species  noticed ;  Fsilophy- 
turn  gracillinunif  P.  comutum,  Annutaria  Bomingeri,  SphenophyUmi 
primcBOum,  Protostigma  BxgiUaroides, 

Prof.  Lesquereux  remarks  that  the  character  of  these  Silurian 
plants,  described  by  him,  give  us  a  microcosmical  representation  of 
the  flora  of  the  Carboniferous,  so  simple  and  at  the  same  time  so 
admirable  in  the  multiple  division  of  its  specific  forms ;  and  thus  we 
now  have  represented  in  the  Silurian — 

1st  The  Lycopodiacea,  by  species  gf  Pstlophyton,  diminutive  forms 
but  primitive  types  of  the  Lepidodendron, 

2nd.  The  Ferns,  by  a  species  related  to  Paleopteris  or  to  the  group 
of  the  Neuroptertda,  which  is  the  most  common  species  of  the  coal. 

3rd.  The  Calamitea,  by  Sphenophyllum  and  Annularia,  these 
forming  two  sections  related  to  the  Equisetacea, 

4th.  The  Sigillari<B,  placed  by  some  authors  as  an  order  of  plants 
between  the  Conifers  and  the  Cycadeae,  and  here  represented  by  the 
Protostigma, 

5th.  The  Fucoids,  represented  by  Calamophyctts  septus. 

J.  M. 
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L — The  Epoch  of  the  Mammoth  and  the  Appakition  of  Man  upon 
THE  Earth.  By  James  C.  Southall,  A.M.,  LL.D.,  Author  of 
the  "  Recent  Okioin  of  Man."  Crown  8vo.  pp.  430.  (London  : 
Triibner  &  Co.,  1878.) 

WE  give  the  size  of  this  book  lest  it  should  be  confounded  with 
the  royal  8vo.  issued  by  the  same  writer  on  the  same  topic  so 
recently  as  1875.  This  rapid  re-composition  reminds  us  of  the 
method  of  the  late  Sir  Charles  Lyell;  but  although  Dr.  Southall 
writes  easily,  he  does  not  yet  possess  either  the  caution  in  collecting 
and  weighing  evidence,  or  the  charming  philosophic  style  which 

^  Proc.  Amer.  Phil.  Soc.  1877,  vol.  xvii.  p.  163,  pi.  It. 
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distinguished  our  great  literary  geologist.  The  new  book  is  how- 
ever a  great  improvement  on  the  old.  Many  lengthy  disquisitions 
are  wisely  left  stored  up  in  the  latter,  whilst  many  new  faots  are 
referred  to,  so  that  the  present  oompact  volume  is  not  only  cogent 
in  advocacy,  but  contains  much  information  on  the  subject  on 
which  it  treats.  When  we  have  observed  that  there  is  a  lack  of 
original  research  (to  which  it  does  not,  however,  pretend),  we  have 
mentioned  the  weak  point  in  the  work  as  a  contribution  to  deduc- 
tive science.  The  tendency  of  the  work  is  strongly  in  favour  of  a 
geological  chronology  substantially  in  harmony  with  inferences 
di-awn  from  the  writings  of  Moses. 

Ethnology  is  referred  to,  in  order  to  found  an  argument  that  the 
unity  of  the  race  requires  that  the  flint-tool  men  oould  not  have  been 
precursors  of  the  civilized  Egyptians.  As  we  do  not  know  that  they 
were  contemporaries,  they  are  concluded  to  have  been  offshoots  and 
successors ;  and  therefore,  as  Egyptian  civilization  is  not  more  than 
ten  thousand  years  old,  so  neither  can  the  gravel-drifb  men  be. 

The  lake-dwellings  are  removed  from  the  question  by  proofs  of 
their  use  within  the  historical  period.  "Of  course  some  of  them 
may  be  4000  years  old ;  but  there  is  no  evidence  to  prove  that  the 
oldest  is  older  than  3000  years."  The  same  is  the  case  with  the 
refuse-mounds,  in  both  hemispheres.  The  *'  three  ages "  are,  in 
Dr.  SouthalFs  hands,  contracted  in  dimensions  by  the  proofs  that 
stone  and  bronze,  stone  and  iron,  and  all  three,  have  been  in  use 
together.  The  last  in  ChaldsBan  tombs;  bronze,  iron,  and  some- 
times flint,  in  Assyria ;  stone,  in  Egypt  down  to  the  eighteenth  dy- 
nasty ;  stone  and  bronze  in  the  Troad  down  to  the  seventh  century 
B.C.;  that  there  has  been  no  stone  age  in  Africa,^  that  iron  was 
unknown  to  at  least  one  great  tribe  of  Scythians  at  the  begmning  of 
our  era;  that,  in  America,  stone  and  bronze  are  found  together; 
that  the  metals  do  not  appear  in  Western  and  Northern  Europe  until 
just  before  a.d.,  and  stone  continued  afterwards  Ih  use  also ;  and, 
lastly,  that  in  a  considerable  part  of  Europe  there  never  was  a 
bronze  period  at  all.  He  concludes,  so  far  as  this  branch  of  evidence 
is  concerned,  that  there  was  no  gap  between  the  Palseolithic  and 
Neolithic  ages,  therefore  no  immensely  long  period  is  required. 
"Behind  the  Pyramids  in  Egypt,  and  the  cities  of  Erech  and 
Calneh  in  Southern  Babylonia,  there  is  fwthing,  and  nothing  to 
indicate  the  earlier  presence  of  the  human  race.  There  was  no 
Palaeozoic  age,  in  fact,  no  stone  age,  in  those  countries.'*  In  brief, 
the  argument  is, — the  first  populations  of  Europe  came  from  Asia ; 
the  first  people  in  Asia,  those  of  Chaldaea  and  Mesopotamia,  like  the 
people  of  Egypt,  appear  on  the  scene  in  a  civilized  condition  from 
6000  to  10,000  years  ago :  the  first  Europeans  can  be  no  older  than 
this.  The  author  quotes  the  opinions  offered  at  the  Stockholm 
Conference  that  the  first  iron  age  shown  in  Scandinavia  is  in  the 
fourth  century ;  and  therefore  where,  as  in  Scandinavia,  this  was 
preceded  by  a  stone  age,  the  latter  need  not  be  assigned  to  any 

*  This  seems  to  be  a  singular  oversight,  as  stone  implements  are  abundant  in  Cape 
Colony  and  elsewhere^  and  have  been  fully  noticed. — Edit.  Gbol.  Maq. 
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great  antiquity;  Say,  with  Worsaae,  about  8000  years  as  the  ag^ 
of  the  Trojan  war,  at  the  utmost  2000  years  b.o.,  which  is  about  the 
date  of  the  closing  effects  of  the  Glacial  Period.  In  onler  to  dispose 
of  the  primii  facie  evidence  for  great  antiquity  yielded  by  the  bone- 
caves,  with  their  undoubted  association  of  man  and  mammoth,  under 
several  successive  floors  of  stalagmite,  Dr.  Southall  undertakes  to 
show  from  the  researches  of  the  zoologists,  that  the  mammoth 
lived  in  the  South  of  France,  with  the  reindeer,  in  comparatively 
recent  times,  and  therefore  he  concludes  that  this  was  so  in  England, 
and  that  the  rate  of  deposit  of  stalagmite,  and  the  rapid  change  of 
levels,  and  alteration  in  physical  geography,  all  occurred  within  i 
few  thousand  years.  The  evidence  as  to  this  is  pretty  fully  referred  to, 
and  though  the  author  breaks  a  lance  with  Prof.  Boyd  Dawkins,  he 
nevertheless  accepts  many  of  the  facts  and  frequently  the  opinions  of 
such  experts. 

The  argument  of  the  present  work  is  that  the  caves  of  Neolithic 
age  contain  bones  of  the  reindeer  and  cave-bear ;  these  were,  es- 
pecially in  Southern  Europe,  the  contemporaries  of  the  mammoth  and 
rhinoceros ;  the  latter  cannot  therefore  be  far  removed  from  the  Neo- 
lithic date.  The  assumed  recent  imbedding  of  the  great  mammal 
carcases  in  Siberia  and  Ohio  is  adduced  as  rendering  it  '*not  only  pro- 
bable, but  almost  certain,  that  the  mammoth,  the  mastodon,  the  mega- 
therium, and  the  tichorhine  rhinoceros,  were  living  at  a  recent  date." 

"We  have  thus  fulfilled  our  promise,  and  proved  the  recent 
existence  of  the  so-called  Palceolithic  fauna.  The  cave-horse,  the 
cave-bear,  the  cave-lion,  the  cave-hyaena,  are  still  living ;  the  cave- 
lion  is  mentioned  historically  in  Europe  a  few  centuries  before  osr 
era ;  wild  horses  scoured  the  plains  of  Bussia  a  few  centuries  ago ; 
the  urns  survived  to  the  sixteenth  century;  the  aurochs  still  survives; 
the  reindeer  is  traced  down  to  the  beginning  of  our  era,  and  even  to 
the  twelfth  century ;  the  great  elk  survived  equally  as  late ;  'the 
mastodon  and  ttfe  mammoth,  and  the  woolly  rhinoceros,  are  found 
under  circumstances  that  imply  their  existence  a  few  thousand  years 
ago." 

Proceeding  from  this  to  the  consideration  of  the  driflt-implements 
(the  real  difficulty  in  the  whole  case),  Dr.  Southall  argues  that  tlie 
peat  of  the  Somme  rests  immediately  on  the  implement  gravels, 
and  that  in  the  caves,  especially  those  of  Belgium,  the  Neolithic  also 
rests  immediately  on  the  Palseolithic,  so  that  there  is  proof  of 
suddenness  and  absence  of  interval  between  the  two,  in  fact,  no  gap. 
He  off*«r8  the  following  explanation  of  the  gravels :  — 

**But  how  then  shall  we  explain  the  occurrence  of  the  implement- 
bearing  gravels,  eighty  feet  or  more  above  the  present  level  of  the 
river?  Our  opinion  is,  that  when  those  gravels  were  deposited,  the 
valley  was  filled  by  water  from  bluff  to  bluff — a  body  of  water  one 
or  two  miles  at  least  in  breadth,  and  100  or  160  feet  deep.  It  was 
the  PaleBolitMc  Floods  an  event  now  well  recognized  by  geologists. 
It  is  a  secondary  question  whether  this  flood  was  occasioned  by  an 
inflow  of  the  sea,  or  by  the  Pluvial  Period  of  Mr.  Tylor.  That  there 
was  such  a  flood,  covering  no  inconsiderable  area  in  Belgium,  in 
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France,  in  England,  in  the  valley  of  the  Tiber,  in  the  valley  of  the 
Mississippi,  and  elsewhere,  there  is  no  doubt-— what  Dr.  Andrews 
desi^ates  as  the  Flood  of  the  Loess,^' 

The  sponsors  for  this  flood  are  MesRrs.  D'Orbigny,  Alfred  Tylor, 
Prof.  Andrews,  and  Prof.  Prestwich.  Perhaps,  in  analogy  to  another 
kind  of  sponsorship,  these  gentlemen  hardly  know  what  it  is  that 
they  undertake  t  If  we  enlarge  our  view  and  take  in  the  intervening 
plains  on  which  implements  have  been  found  in  scattered  gravels  and 
oaves  on  hill-sides  once  at  the  water-level,  we  have  phenomena  which 
cannot  be  accounted  for  by  any  single  flood,  or  by  any  flood  alone, 
but  require  several  floods,  with  intervening  periods  of  repose,  the 
whole  constituting  a  great  mammalian  epoch,  during  some  part  of 
which  man  occupied  and  dwelt;  after  this  there  was  more  flood, 
accompanied  with  considerable  elevation  and  movement  of  the 
surface.  The  problem  is,  how  long  did  this  post  man-and-mammoth 
period  last  ?  Could  it  all  have  taken  place  within  a  limited  period, 
after  the  first  appearance,  and  disappearance,  and  before  the  re- 
appearance of  man?  Can  the  geological  phenomena  between 
tlie  disappearanoe  and  reappearance  of  man  be  fairly  explained  on 
the  supposition  of  their  occurrence  within  the  lapse  of,  say,  a 
thousand  years  ?  To  these  questions  Dr.  SouthalFs  book  brings  no 
direct  reply. 

The  gravels  are  still  mysterious.  The  time  and  the  foroe  required 
to  rake  off  a  surface  of  chalk,  to  roll  its  flints  into  pebbles,  to  - 
grind  pebbles  into  sand,  to  wash  another  part  of  the  contents  into 
coloured  clays  and  fine  sands,  to  expose  beds  of  these  to  the  winds 
80  as  to  create  dunes,  to  have  alternate  land  and  water,  alternate 
still  and  violent  waters,  occasional  inroads  of  the  sea  in  places 
now  far  beyond  its  reach,  to  have  successive  rises  and  depressions 
of  land,  to  have  big  mammals  living,  dying,  and  entombed,  to 
have  surfaces  of  vegetation  growing  and  again  buried  under 
aerial  or  watery  accumulations,  to  have  man  tufficiently  settled 
to  cultivate  at  least  some  imitative  arts,  then  a  displacement  and 
a  deluge,  and  then  the  slower  reduction  of  rivers  to  present 
channels, — these  are  a  few  of  the  difficulties  which  beset  the  travel- 
ler in  his  journey  amidst  Palaeolithic  deposits.  The  gravels  them- 
selves furnish  us  with  such  an  inconstant  series,  that  many  able 
men  who  have  given  years  of  study  to  them  are  not  yet  agreed 
on  their  chronology.  Geological  knowledge  respecting  tiieir  dura- 
tion cannot  at  present  be  said  to  be  conclusive  either  way ;  and  in 
regard  to  geological  time  the  "  might  have  been  "  is  not  yet  super- 
seded by  the  authoritative  '*  must"  The  advocates  for  both  sides 
are  still  entitled  to  hold  and  express  their  opinions,  and  if  the 
tendency  of  recent  discovery  and  discussion  has,  as  a  fact,  been 
towards  the  adoption  of  the  proposition  put  forward  during  the 
infancy  of  the  in(|uiry,  that  the  mammalian  epoch  reached  far  nearer 
down  to  our  own  day  than  was  supposed ;  yet  who  shall  estimate 
tlie  duration  of  that  period  antecedent  to  human  chronicles  or  even 
traditions? — to  attempt  to  measure  it  by  our  feeble  data,  is  like 
taking  soundings  in  the  ocean  with  a  ^*  two-foot  rule  "  I 
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A  singular  illustration  is  afforded,  in  the  Somme  Valley  itself,  of 
the  comparatively  recent  occurrence  of  phenomena  similar  in  appear- 
ance to  those  of  prehistoric  times.  M.  de  Mercey  has  described  a 
deposit  superimposed  on  the  (Celtic)  peat,  comprising,  first,  brick- 
earth  with  fragments  of  Boman  pottery  and  land-shells,  having  at 
its  base  a  few  pebbles  and  marine  shells,  and,  lying  over  it,  a  bed 
of  river-gravel.  If  authentic,  the  events  and  changes  thus  indicated 
must  have  all  occurred  since  the  days  of  Julius  CsBsar.  On  the 
other  hand  we  have  Mr.  Belt,  in  the  current  Quarterly  Journal  of 
Science,  treating  the  valley-gravels  as  pre-glacial. 

Dr.  Southall  relies  on  the  conclusions  of  Professor  Andrews  re- 
specting the  positive  age  of  the  remarkable  terraces  in  the  river 
valleys  of  North  America,  and  on  Professor  Whichell's  calculation 
on  the  Falls  of  St  Anthony,  recently  brought  before  the  Geological 
Society  of  London.  The  author's  conclusion  seems  to  be  that  the 
present  surface  phenomena  are  principally  of  glacial  and  sub-glacial 
age,  in  the  Northern  hemisphere,  and  cannot  be  carried  back  fur- 
ther than  about  7000  years,  and  that  land -ice,  with  all  its  incidents, 
lingered  in  Northern  Europe  long  after  the  cessation  of  the  Glacial 
Period  proper. 

Dr.  SouthalVs  volume  is  not  without  the  liveliness  which  the 
advocacy  of  a  particular  hypothesis  gives ;  indeed  the  spirit  of 
the  Advocate  is  oft-times  far  too  prominent ;  evidence  being  admitted 
and  conclusions  based  thereon,  without  sufficient  regard  for  the 
reliability  of  the  witnesses  cited.  It  hardly  accords  with  the 
caution  expressed  in  the  preface  : — ^'  It  is  a  question  which  should 
be  decided  apart  from  all  theological  prepossessions,  and  in  no 
way  prejudiced  by  any  supposed  interpretations  of  a  biblical  reve- 
lation on  the  subject.  It  is  purely  as  a  question  of  science  that  I 
propose  to  discuss  it ;  and  if  we  arrive  at  a  conclusion  out  of 
harmony  with  religion  let  it  be  squarely  recognized,  and  let  the 
adjustment  constitute  a  separate  task."  P. 

11. — ^Thb  Fenland — Past  and  Present.  By  Samuel  H.  Millkb, 
F.R.A.S.,  etc.,  and  Sydney  B.  J.  Skbrtchly,  F.G.S.  Royal 
8vo.  pp.  649.  with  a  map,  and  27  plates.  (1878 :  Wisbech, 
Leach  <fe  Son  ;  London,  Longmans,  &  Co.) 

IN  the  Geological  Magazine  for  May  last,  we  called  attention  to 
a  Geological  Survey  Memoir  on  "  The  Greology  of  the  Fenland," 
by  Mr.  Skertchly.  We  have  now  much  pleasure  in  announcing  the 
publication  of  the  handsome  and  beautifully  illustrated  work  whose 
title  is  given  above.  This  work,  which  contains  nearly  twice  the 
amount  of  material,  printed  on  superior  paper,  and  in  far  better  type, 
than  the  Survey  Memoir,  with  excellent  illustrations,  is  issued  to  sub- 
scribers at  less  than  half  the  cost  of  the  Government  publication, 
and  even  its  published  price  of  31«.  6d.  contrasts  very  favourably 
with  the  enormous  (almost  prohibitive)  charges  now  put  upon  the 
Survey  works  by  H.  M.  Stationery  Office. 

This  new  work  on  the  Fenland  is  an  exhaustive  treatise  on  the 
Archaeology  and  Natural  History  of  the  district.     In  the  Geological 


Reviews — Barrande*8  Cephalopoda  of  Bohemia,  3&1 

chapters  Mr.  Skertchly  supplements  the  detailed  aooounts  which  he 
gave  in  bis  official  work,  with  an  amplification  of  the  general  results, 
which  are  written  so  as  to  interest  the  ordinary  reader  as  well  as  to 
furnish  food  for  the  geologist  We  must  content  ourselves  with 
briefly  indicating  some  of  the  many  subjects  treated  here,  which  are 
of  special  interest  to  our  readers,  such  are  the  history  of  the  present 
indigenous  fauna,  and  of  that  of  pre-historic  times,  the  migration  and 
diffusion  of  species,  the  causes  of  changes  of  Climate.  The  growth 
of  Peat,  the  question  of  Water-Supply,  and  the  subject  of  Climate  and 
Disease  will  suggest  many  topics  of  interest.  Among  the  subjects 
more  likely  to  raise  discussion  are  those  connected  with  the  formation 
of  the  Chalky  Boulder-clay,  the  alternation  of  Glacial  and  Interglacial 
beds,  the  Palseolithic  gravels,  and  the  age  of  the  Brandon  Beds. 
The  entire  subject  is  however  rich  with  interest,  and  the  authors 
have  evidently  spared  no  pains  and  no  expense  to  render  their  work 
as  complete  in  every  respect  as  possible. 


III. — CiPHALOPODEs.  Etudes  QiNl:RALEs;  extraits  du  Systems 
SiLUBiEN  vu  Centre  de  la  Boheme.  Par  Joaghiu  Barrandb. 
8vo.  pp.  253,  4  plates.     (Prague  and  Paris,  1877.) 

BARRANDE  has  completed  his  magnificent  work  on  Palceozoio 
Cephalopods.  Commenced  in  1865  with  the  publication  of  the 
first  series  of  his  plates,  and  continued  at  irregular  intervals  but 
without  interruption  up  to  nearly  the  close  of  last  year,  this  splendid 
contribution  to  science  extends  to  544  large  4to.  beautifully  executed 
plates,  and  to  about  3600  pages  4to.  of  letterpress. 

In  the  smaller  publication  we  now  refer  to  more  especially, 
Barrande  has  given  us  short  extracts  from  the  concluding  chapters 
of  his  work,  or  those  including  his  **  General  Considerations  of  the 
Cephalopods,"  and  has  produced,  as  it  were,  a  brief  summary  of  the 
ably  reasoned  arguments  given  more  in  detail  in  the  larger  work, 
so  that  an  excellent  general  idea  may  be  quickly  obtained  of  the 
more  important  conclusions  at  which  he  has  arrived.  From  the 
character  of  the  publication,  it  will  be  obvious  that  it  would  be 
impossible  to  condense  into  a  few  lines,  for  which  alone  we  can 
find  space  here,  what  is  already  a  highly  condensed  summary  of 
detailed  and  close  reasonings.  In  his  chapter  xvii.  the  reader  will 
find  a  most  interesting  risumd  of  all  previous  researches  on  the 
initial  form  of  the  NatUiliday  the  Ooniatida  and  the  Ammonitida,  in 
which  the  position,  form,  size,  origin  and  object  of  the  cicatrix  on 
the  initial  cowl  of  the  shells,  are  fully  considered,  and  the  remark- 
able contrasts  offered  in  these  respects  in  the  different  groups.  He 
then  winds  up  this  chapter  with  some  considerations  on  the  chron- 
ology of  the  giroups,  and  finally  a  brief  statement  of  all  his  con- 
clusions on  the  initial  forms  of  the  Cephalopods.  As  to  the  vertical 
and  horizontal  distribution  of  the  Cephalopoda  in  Silurian  countries, 
it  seems  established,  that  this  order  has  appeared  suddenly,  and  for 
the  first  time,  at  the  commencement  of  the  second  fauna.  At  that 
time  the  only  Cephalopods  belonged  solely  to  types  of  the  one 
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family  of  the  NatUtUdaf  very  varied  in  form,  from  OrtkoceroM  to 
NautiluB  and  Troehoeeras,  as  proved  by  the  second  £Biun»  of  the 
N.  American  and  N.  European  areas.  In  Bohemia,  the  second 
fauna  only  offers  straight  forms  of  the  family,  and  the  "colonies" 
even  have  only  given  two  curved  forms  of  the  genus  Cyrtoceras. 

The  great  development  of  the  Nautilid^^  in  Bohemia  occurs  in 
Barrande's  6tage  E,  in  which  more  than  637  specific  forms  of  the 
family  occur  (or  including  the  supplementary  lists  of  Barrande's 
8Me  tardive f  no  less  than  856  species).  No  species  occur  in  the 
beds  above  belonging  to  the  zones  /l,/2,  y  1,  ^2,  but  after  this 
long  interval  Nautilus  reappears  in  zone  g  3,  with  three  new  species 
different  from  those  of  zone  E.  Meanwhile  the  genus  Goniatites  is 
absolutely  unknown  in  the  second  fauna  of  all  Silurian  countries  in 
either  continent  which  have  been  examined  up  to  date.^  The 
ectrliest  appearance  of  Ooniatites  in  Bohemia  was  during  the 
deposition  of  Barrande's  zone  /2,  in  which  he  shows  the  existence 
of  seven  species  of  that  type. 

Now  it  is  interesting  to  notice  that  this  epoch  of  the  first  appear- 
ance of  Goniatites  corresponds  to  the  cessation,  which  has  been  just 
noticed,  in  the  existence  of  Nautilus  in  Bohemia.  But,  Barrande 
remarks,  this  fact  does  not  tend  to  prove  the  filiation  of  the  new 
type  to  the  more  ancient,  because,  in  reality,  where  the  new  form,  the 
first  OoniatiteSf  appeared  suddenly  in  the  Bohemian  basin,  there 
was  not  a  single  Nautilus  to  give  biiih  to  them.  Further,  at  its 
first  appearance  in  zone  /  2,  the  genus  Goniatites  furnishes  7  distinct 
species,  while  the  genus  Nautilus  only  furnished  5  during  its 
temporary  existence  in  Bohemia  in  zone  e  2  :  numbers  which  are 
far  from  corresponding  with  the  slow  and  successive  steps  in  trans- 
formation,  admitted  by  theory.  In  fact,  all  the  appearances  and 
disappearances  have  taken  place  suddenly. 

Some  time  after  its  first  appearance,  Goniatites  seems  to  disappear 
during  the  deposition  of  the  very  thick  zone  g  1,  at  the  top  of  which 
we  again  find  it.  It  then  continues  with  variations  in  the  number 
of  its  specific  representatives  through  the  zones  ^  2,  ^  3,  ^  1,  attaining 
its  maximum  number  (14)  in  g  3,  Now  it  is  precisely  during  the 
deposition  of  this  same  zone  that  we  find  Nautilus  reappearing  with 
three  species.  It  is  difficult  to  imagine  how  it  reproduces  itself  after 
so  lon^  a  cessation,  precisely  at  the  time  of  the  maximum  im- 
portance of  the  Goniatites,  which  theory  would  indicate  as  replacing 
the  Nautili. 

Barrande  here  gives  an  amusing  (p.  75)  imaginary  discourse  of 
an  evolutionist  lecturer  on  the  derivation  uf  the  Goniatiie  from  the 
NautiluSf  ^*  which  it  replaces  at  its  disappearance  from  the  seas  of 
Bohemia  without  our  exactly  knowing  why,"  **  mais  sans  doute  par 
Teffet  de  la  selection  naturelle" — and  discusses  the  total  discord- 
ance which  is  here  proven  between  theory  and  fact,  with  reference 

'  The  question  of  the  asserted  occurrence  of  two  forms  of  Badrifes,  one  in 
Bohemia,  one  in  Russia,  in  the  second  fauna,  will  he  found  fully  discussed  in  vol.  iiL 
«l  Texte,  p.  804. 
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to  the  initial  portion  of  the  shell  of  the  Cephalopoda  in  the  three 
families  of  the  NauUliday  GoniaiidcB,  and  Ammonitida.  And  doses 
this  portion  of  his  paper  hy  proposing  a  few  questions,  which,  in  his 
opinion,  must  be  answered  before  we  oan  establish  any  idea  of  filia«^ 
tion,  or  derivation,  between  the  Nauiilida,  Ooniaiida,  and  Ammoni' 
tida.  These  are— if  true  that  the  Ooniatttea  and  AmmoniteB  are 
derived  from  the  NauHlt,  why  is  their  siphon  invariably  on  the 
convex  side  ?  why  is  it  never  inflated,  or  niimmuloid  as  in  the 
Nautilidaf  why,  under  these  two  points  of  view,  is  there  never 
any  trace  of  atavism,  amongst  the  Ooniatida  and  Ammonittda  ? 

The  second  part  of  the  work  under  review  is  devoted  to  the 
discussion  of  the  vertical  distribution  of  the  Cephalopods  in  PalsBO- 
zoic  countries.  It  will  be  found  to  give  a  wonderfully  detailed  and 
careful  summary  of  all  the  known  facts,  as  to  the  occurrence  in 
successive  formations  of  the  various  genera  and  species.  The 
horizontal  distribution,  or  occurrence  in  local  groups,  is  also  fully 
discussed.  And  the  special  distribution  in  Bohemia  given  in  much 
detail — :into  which  we  cannot  follow  the  author.  In  this  portion  of 
his  work,  also,  no  possible  opportunity  is  omitted  to  indicate  the 
apparent  contradiction  between  facts  and  any  theory  of  evolution. 

The  third  part  gives  a  general  risumi  of  the  author's  studies  on 
the  Cephalopods,  taken  under  the  separate  heads :  1.  Investigation 
of  any  traces  of  evolution  of  the  Cephalopods,  in  the  first  appear* 
auce  and  successive  re-appearance  of  generic  types,  and  in  specific 
forms.  2.  Similar  investigation  as  to  each  of  the  elements  of  the 
shell  in  the  Palasozoic  Cephalopods.  3.  Remarkable  peculiarities^* 
(a)  in  structure  of  shell ;  (h)  unexplained  connexion,  between  dif- 
ferent elements  of  the  shell ;  (e)  forerunners  of  types — avanfc- 
coureurs — the  species  *  proph^tiques '  of  Agassiz;  (/)  connexion 
between  the  existence  of  large  siphons  and  the  brief  duration  of 
certain  types,  and  the  geographical  distribution  of  their  species; 
{g)  the  anachronism  exhibited  by  the  forms  intermediate  between 
generic  types.     And  then,   4.  Final  conclusions. 

With  some  additional  notes,  among  which  will  be  found  quoted, 
with  much  satisfaction,  the  labours  and  conclusions  of  Mr.  T.  David- 
son on  the  Brachiopoda ;  of  M.  Qraiid'Eury  and  Mr.  W.  Carruthers 
on  evohition  in  the  Vegetable  Kingdom,  as  represented  by  fossil 
plants,  M.  Barrande  concludes  this  very  important  and  remarkable 
brochure.  We  shall  just  give  in  a  few  wonls  his  final  conclusions. 
It  will  be  obvious  from  the  headings  we  have  given,  that  it  would 
be  impracticable  to  give  the  necessary  space  for  any  full  discussion 
of  his  results. 

He  says  (p.  230) :  On  the  whole,  we  have  not  discovered  any  trace 
of  the  supposed  evolution,  either  in  the  first  appearance  or  in  the 
vertical  reappearance  of  the  generic  types  of  the  Cephalopods ;  or  in 
the  appearance  and  succession  of  their  specific  forms;  or  in  the 
appearance  of  the  elements  of  the  shell.  On  the  contrary,  we  see  at 
all  ages,  the  genera,  the  groups  and  the  species,  without  any  genetic 
connexion,  rise  and  disappear  with  a  suddenness  and  without  inter- 
mediate forms,  which  are  inexplicable ;  while  we  have  also  proved 


364         Reviews — Barrande^a  Cephalopoda  of  Bohemia. 

a  remarkable  stajbility  in  the  generic  characters,  in  the  Rpecifie 
distinctions  and  in  the  elements  which  form  the  shell  of  molluscs  ot 
this  order.  *'  The  theory  of  evolution  of  the  Cephalapods,  like  that 
of  the  Trilobites,  appears  to  us  to  be  a  mere  product  of  tlie  imagination 
without  any  foundation  in  fact." 

We  have  given  M.  Barrande's  conclusions  with  all  their  force, 
though  necessarily  without  the  detail  of  argument  which  he  has 
brought  to  their  support.  We  cannot  follow  him  in  this  detail,  bnt 
we  must  suggest  great  caution  in  admitting  as  '  proven  '  all  that  is 
assumed  as  such  in  this  brochure.  For  instance,  in  his  general 
conclusions,  he  starts  by  recalling  two  predominant  facts,  so  pre- 
dominant in  truth  as  to  rule  everything  else.  Now  the  first  of  these 
is  the  absence  of  Cephalopods  in  the  primordial  Silurian  fauna.  It 
may  be,  and  we  admit  that  M.  Barrande  has  fully  and  fairly  quoted 
the  evidence,  that  no  Cephalopod  has  as  yet  been  recognized  in  this 
fauna.  But  he  would  be  indeed  a  bold  man  who,  therefore,  would 
assert  that  no  Cephalopod  existed.  Is  there  not  in  this,  80  in  so 
much  so-called  Geological  reasoning,  a  little  suspicion  of  what  a 
logician  would  call  "  arguing  in  a  circle  "  ?  Has  the  "  primordial  *' 
age  of  the  several  groups  been  determined  on  evidenoe  altogether 
independent  of  such  considerations  of  fossil  data?  Has  not  the 
belief  in  this  supposed  absence  of  Cephalopods  from  the  earlier 
stages  been  sufficient  to  determine  at  once,  that  any  beds  in  which 
they  were  found  could  not  be  of  that  epoch  ?  Has  there  always 
been  sufficient  care,  and  sufficient  detail  given  to  analysis  of  the 
accompanying  facts  ?  In  any  case,  the  attempt  to  base  such  import- 
ant and  widely  influential  conclusions  on  what  is  confessedly  purely 
negative  evidence  (if  there  can  be  such),  is  fraught  with  danger, 
and  is  to  be  most  jealously  guarded.  And  a  reference  to  M.  Barrande's 
details  shows  in  how  very  many  particulai's  he  has  no  other  evidence 
to  rely  upon. 

We  rejoice  to  think  that  he  has  been  enabled  to  complete  this 
magnificent  contribution  to  Palaeontology,  and  we  trust  sincerely  he 
may  yet  be  spared  to  carry  out  the  intentions  which  he  announces 
as  now  in  progress — the  rapid  issue  of  more  than  120  plates  of  the 
PalsBozoic  Gasteropoda,  and  of  114  plates  of  Breu)hiopoda  (all  ready 
printed),  besides  a  very  large  series  of  the  Acephala.  In  common 
with  every  palaeontologist  we  look  with  anxious  longing  for  these 
valuable  contributions  to  the  literature  of  our  science  ;  and  whether 
the  progress  of  his  investigation  may  lead  to  the  confirmation  of  his 
present  views  as  to  the  illusionary  nature  of  any  theories  of  evolution, 
or  may  tend  to  modify  these,  we  know  that  we  shall  have  from 
M.  Barrande  what  is  beyond  all  theory  in  value, — the  carefully 
worked  out,  and  carefully  thought  out  expression  of  his  honest 
opinions.  We  most  heartily  congratulate  him  on  the  completion  of 
the  Cephalopods,  and  wish  him  every  success  in  the  further  prose* 
cution  of  his  labours.  T.  Oldham. 
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lY. — Geological  and  Oeoqbaphioal  Atlas  of  Colorado,  and 
Portion  of  Adjacent  Territories.  By  F.  V.  Hatden,  U.S. 
Oeolooist-in-Charge.  Published  by  the  Department  of  the 
Interior,  under  the  United  States  Geological  and  Geographical 
Survey  of  the  Territories,  1877. 

WE  have  just  received,  through  the  agency  of  the  Smithsonian 
Institution,  this  grand  contribution  to  the  Geology  of  America. 
Most  of  our  readers  are  aware  that  a  general  survey  of  the  very  large 
and  important,  though  often  very  inaccessible  areas,  known  as  **  The 
Territories,"  was  organized  in  the  year  1867,  and  those  who  are 
observers  of  American  progress  have  watched  with  increasing  in- 
terest the  vast  advances  which  have  been  made  in  this  Survey  under 
Dr.  F.  V.  Hayden.  Very  few  weeks  have  elapsed  since  we  received 
Vol.  VII.  of  the  Memoirs  of  the  Survey,  being  a  large  quarto  vol.  of 
370  pages  and  65  plates,  on  the  Tertiary  Plants  of  the  West,  of 
which  another  similar  volume  (VI.)  formed  the  Cretaceous  Flora. — 
1877  saw  the  appearance  of  a  very  large  volume  on  North  American 
Bodentia  (for  the  researches  of  this  all-embracing  Survey  are  directed 
to  many  subjects  besides  Geology),  while  a  year  or  two  before  we 
had  a  volume  on  the  Cretaceous  Vertebrata  by  Cope,  illustrated  with 
57  beautifully  executed  plates.  The  Bulletin  (of  shorter  papers)  has 
already  reached  the  middle  of  Vol.  IV.  —  In  1873,  the  work  of 
the  Survey  was  systematically  commenced  in  Colorado.  And  here 
we  have  the  results  of  four  years'  labour  (1873-74r-75-76)  produced 
and  published  in  a  finished  state  in  the  year  1877 1 

And  such  four  years  of  labour  as  these  must  have  been !  an  area 
exceeding  thai  of  Ireland,  in  parts  most  inaccessible,  everywhere  diffi- 
cult to  travel  in,  open  to  disturbances,  or  fears  of  disturbance,  from 
unsettled  Indian  tribes,  where  everything  had  to  be  carried  with 
the  observer,  and  he  thrown  entirely  on  his  own  resources,  and 
such  limited  aid  as  he  could  bring  widi  him ;  such  an  area  has  been 
triangulated,  measured,  physically  examined,  and  mapped ;  its  drain- 
age carefully  determined,  its  economic  and  agricultural  divisions 
noted,  and  its  geological  structure  carefully  investigated.  x 

We  have  no  hesitation  in  saying  that  Prof.  Hayden  may  justly 
point  to  this  as  a  success,  rarely  ever  approached,  probably  never 
equalled.  And  may  justly  recount  with  pride  the  names  of  those 
few  who  have  so  ably  and  so  untiringly  carried  out  his  wishes. 

The  Atlas  consists  of  twenty  sheets  of  large  double  elephant  size. 
These  are  in  two  series :  first,  of  4  sheets,  which  are  general,  and  em- 
brace the  entire  area  on  a  scale  of  12  miles  to  one  inch.  These  show 
(1)  The  Triangulations,  (2)  The  Drainage,  (3)  Economic  Map,  (4) 
General  Geological  Map.  The  second  series  consists  of  12  sheets, 
in  pairs,  six  representing  (plain)  only  the  topographical  features  of 
different  parts :  N.W.,  N.,  Central,  W.,  S.W.,  and  S.  Central  Colo- 
rado. And  six  sheets  exactly  corresponding,  on  which  the  geologi- 
cal lines  and  colours  are  given;  then  there  are  two  sheets  of 
geological  sections,  and  two  of  panoramic  views.  The  detailed 
maps  are  all  on  the  scale  of  four  miles  to  the  inch,  and  embrace  each 
2^  degrees  of  longitude,  and  1^  degree  of  latitude — thus  covering 
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the  entire  area  of  Colorado,  and  some  adjacent  parts  of  Utah,  Arizona, 
and  New  Mexico.  These  maps  are  also  contoured,  the  contour  lines 
representing,  approximately,  intervals  of  200  feet  vertical. 

All  these  maps  are  very  heautifully  drawn  and  beautifully  printed, 
and  are  types  of  careful,  clear,  and  exoellent  work.  The  colouriug 
is  also  admirably  printed,  with  a  wonderful  transparency  and  even- 
ness, and  with  really  admirable  "  register."  Altogether  the  execu- 
tion of  the  sheets  of  Uiis  noble  atlas  leave  nothing  to  be  desired. 

We  cannot  pass  on  without  noticing  the  two  sheets  of  panoramic 
views.  We  have  had  in  this  Magazine  opportunity  before  now  of 
drawing  attention  to  the  really  effective  aid  which  such  views  give 
to  the  student  in  a  ready  and  clear  understanding  of  the  descriptions 
of  a  country.^  And  we  think  the  simplest  inspection  of  the  few 
given  in  this  atlas  will  be  quite  sufficient  to  prove  to  any  one  the 
immense  value  of  such  outlines  in  enabling  those  who  have  not  seen 
the  districts,  to  realize  the  facts.  Who  can  compare  the  curiously 
broken  and  rugged  outline  of  the  quartzite  group  of  the  San  Juan 
Mountains  as  seen  from  the  Bio  Qrande  Pyramid  (Sheet  xx.)  with  the 
peculiar  serrated  and  jagged  peaks  of  Uie  trachytio  mass  of  the  La 
Plata  Mountains,  looking  east  from  Mount  Hesperus,  on  the  same 
sheet,  without  carrying  away  with  him  a  vivid  conception  of  the  two 
areas,  and  without,  at  the  same  time,  we  may  remark,  being  struck 
with  the  vast  difficulties  the  surveyors  have  had  to  contend  with  in 
such  work  ?  True :  the  ground  is  well  visible,  there  is  no  dense 
jungle  and  no  thick  undergrowth  of  impassable  and  deadly  vegeta- 
tion to  interfere  with  his  progress.  But  the  very  loneliness — the 
conviction  of  desolation,  would  in  itself  numb  the  energies  of  many ; 
and  double  honour  is  due  to  those  whose  unflagging  interest  in  their 
researches,  and  whose  untiring  devotion  to  their  work,  have  enabled 
them  to  complete  this  great  task. 

It  is  too  late  now  to  devote  any  space  to  a  more  detailed  examina- 
tion of  the  geological  information  given  on  these  maps.  We  shall 
probably  have  other  opportunities  of  returning  to  the  subject  But 
we  could  not  avoid  at  once  congratulating  Prof.  Hayden  on  the  com- 
pletion of  this  grand  atlas,  and  on  the  success  which  has  thus 
crowned  the  labours  of  his  very  efficient  and  zealous  staff.  If  any 
sense  of  shame  yet  remain  in  some  other  Survey  staffs,  we  cannot 
help  hoping  that  they  may  be  excited,  by  the  comparison,  to  a  little 
more  earnest  and  single-minded  devotion  to  their  labours  than  has 
of  late  years  distinguished  them. 

There  is  still  an  immense  area  before  Prof.  Hayden.  And  we 
shall  look  with  eagerness  for  successive  atlases  of  the  other  <'  Ter- 
ritories "  also. 

It  would  be  injustice  to  our  American  brethren  to  omit  noticing, 
with  the  highest  approbation,  the  marked  liberab'ty  with  which  the 
costly  and  valuable  labours  of  these  State  Surveys  are  distributed  to 
all  who  are  likely  to  take  a  real  interest  in  the  subject,  or  can  in  any 
way  reciprocate  by  exchange  of  similar  publications.  There  is  not  a 
library  of  any  value  for  the  student  of  Natural  Science  in  this  country 

1  See  Geol.  Mag.  Decade  II.  Vol.  Y.  April,  1878,  p.  174,  efto. 
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whioh  is  not  enriched  by  a  seriets  of  these  American  Sarvey  Publica- 
tions— while  he  might  search  through  half  the  counties  in  the  king- 
dom before  he  could  obtain  access  to  a  copy  of  the  publications  of 
the  Geological  Survey  of  Great  Britain.  In  early  years,  a  wise  and 
well-judged  arrangement  was  made  by  which  such  publications  were 
issued  at  an  uniform  rate,  which  was  reasonable,  and  which  brought 
them  within  reach  of  most  persons  interested.  But  lately  a  new 
system,  so  far  as  we  can  learn  without  any  public  sanction,  has  been 
introduced,  and  all  expenses  whatever  incurred  in  the  printing,  etc., 
of  a  Keport  are  put  to  the  charge  of  that  Report,  and  as  only  small 
editions  are  printed,  they  naturally  enhance  the  cost  of  each  pamph- 
let or  volume.  But  in  addition  to  this,  not. only  is  this  charged  at  a 
fixed  rate  per  sheet  or  page,  but  the  cost  of  every  alteration  is  added, 
and  the  public  is  made  to  pay  for  the  incompetence  or  carelessness  of 
the  editor,  who,  not  knowing  exactly  what  it  is  he  wants,  has  the  same 
passages  printed  over  again  two  or  three  times.  Thus  it  happens, 
that  reports  are  saleable  only  at  a  price  which  perfectly  forbids  their 
purchase.  While  the  works  are  produced  on  paper  more  like  what 
is  used  for  the  columns  of  a  halfpenny  newspaper,  than  what  would 
be  expected  in  valuable  and  costly  scientific  reports.  And  the  illus- 
trations are  either  of  the  poorest  and  worst  executed  kind,  or  are 
so  destroyed  by  bad  printing  on  bad  paper  that  they  are  simply 
disgraceful.  We  are  well  aware  that  this  is  not  caused  by  the 
Officers  of  the  Survey  itself,  and  that,  in  fact,  they  suffer  severely 
by  it  and  regret  the  result  as  much  as  the  public  at  large,  but  the 
facts  are  as  stated. 

Nothing  of  this  kind  will  be  found  in  this  Atlas  of  Colorado,  the 
paper  is  excellent,  the  printing  is  excellent^  the  execution  is  excel- 
lent T.  Oldham. 


I. — Geological  Sooibty  op  London.  —  June  6,  1878.— John 
Evans,  Esq.,  D.C.L.,  F.R.S.,  Vice-President,  in  the  Chair. — The 
following  communications  were  read  : — 

1.  "On  the  Quartzites  of  Shropshire."  By  Charles  Callaway, 
Esq.,  M.A.,  B.8c.,  P.G.S. 

In  a  former  paper  (Q.J.G.S.  xxxiii.  p.  652)  the  author  indicated 
that  part  of  the  so-called  quartzites  of  the  Wrekin  are  "  HoUybush 
Sandstone  " ;  in  the  present  communication  he  shows  that  the  whole, 
both  in  the  Wrekin  and  Church  Stretton  areas,  are  of  Cambrian  or 
Precambrian  and  not  of  Caradoc  age. 

In  the  Wrekin  area  the  quartzites  rest  unconformably  against  the 
volcanic  axis  in  a  nearly  continuous  band,  dipping  away  from  it  at 
angles  of  from  30°  to  55^  their  present  position  being  due  to  its 
elevation.  The  volcanic  rock  is  a  bedded  Precambrian  tuff,  which 
reappears  in  Lawrence  Hill  and  the  Ercal,  also  accompanied  by 
quartzites  overlain  by  Hollybush  Sandstone.  Caer  Caradoc  belongs 
to  the  same  volcanic  series,  and  the  quartzites  reappear  on  its  S.E. 
flank,  overlain  by  Hollybush  Sandstone  containing  Kutorqiwk  cCur 
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yn/^ilA  and  Strptdites  fisiulaj  above  which  follow  the  Shineton  Shales, 
and  next,  separated  by  a  fault,  the  Hoar  Edge  grits  (Lower  Caradoo). 
The  author  believes  that  the  apparently  conformable  suooession  here 
is  due  to  parallel  faults.  Along  the  S.E.  flank  of  the  Wrekin  the 
quartz  rock  dips  S.E.,  while  the  volcanic  rocks  dip  N.,  and  fragments 
of  the  latter  are  contained  in  its  base.  The  author  is  inclined  to 
think  this  a  friction -breccia,  and  the  junction  a  faulted  one.  He 
also  regards  the  junction  with  the  Holly  bush  sandstones  as  a  faulted 
one,  and  maintains  that  in  any  case  the  quartzites  are  older  than  the 
latter  rocks,  which  are  sometimes  considered  the  equivalents  of  the 
Ffestiniog  group,  and  by  Mr.  Belt  to  be  Menevian.  The  quartzites 
can  hardly  belong  to  any  part  of  the  Upper  Cambrian,  and  the 
autlior  passes  on  to  consider  the  various  positions  which  they  may 
be  hold  to  occupy,  and  gives  reasons  for  thinking  that  they  are  Pre- 
Cambrian.  The  only  fossil  that  has  been  found  in  them  is  a  supposed 
worm -burrow.  In  conclusion  the  author  expresses  the  opinion  that 
the  Stiper-stones  quartzites  are  of  Arenig  age. 

2.  "  On  the  Affinities  of  the  Mosasauridsa,  Gervais,  as  exemplified 
in  the  Bony  Structure  of  the  Fore-fin."  By  Prof.  Owen,  C.B.,  F.E.S., 
F.G.S.,  etc. 

In  this  paper  the  author  commenced  by  discussing  the  opinions 
expressed  by  different  anatomists  as  to  the  indications  of  relationship 
furnished  by  the  structure  of  the  fore-limb,  and  stated  that  in  1851 
he  had  referred  Mosasaurus  to  a  Tribe,  Natantia,  of  the  Order 
Lacertilia.  Since  then  Prof.  0.  C.  Marsh  has  published  a  recon- 
struction of  the  fore-limb  of  the  Mosasauroid  Lestosaurus  simus,  and 
from  a  comparison  of  his  figure  with  the  bones  of  the  same  parts  in 
Cetacea,  Plesiosauria,  and  Lacertilia,  the  author  showed  that  the 
resemblance  in  structure  was  closest  with  the  last-named  type,  of 
which  the  fore-foot  of  Monitor  niloticus  was  taken  for  comparison. 
In  the  relative  length  of  the  digits  and  the  number  and  form  of  the 
phalanges,  the  Mosasauroid  fore-foot  was  shown  to  agree  most  nearly 
with  the  Lacertilian  type.  With  regard  to  the  presence  of  a  zygo- 
sphene  and  zygantrum  in  vertebras  of  Clidastes,  cited  by  Prof.  Cope 
in  favour  of  his  approximation  of  the  Mosasaurs  to  the  Ophidia  and 
his  establishment  of  the  Order  Pythonomorpha,  the  author  remarked 
that  the  trunk- vertebrae  of  the  Iguanidae  show  zygosphene  and 
zygantrum,  but  with  modifications  which  serve  to  distinguish  the 
Iguanian  from  the  Ophidian  vertebrae,  and  that  until  we  have  the 
opportunity  of  comparing  the  Mosasauroid  vertebrae  with  those  of 
both  these  types,  the  mere  presence  of  these  parts  cannot  be  accepted 
as  conclusive. 

8.  "  On  new  Species  of  Procolophon  from  the  Cape  Colony,  pre- 
served in  Dr.  Grierson's  Museum,  Thomhill,  Dumfriesshire;  with  some 
remarks  -on  the  Affinities  of  the  Genus."  By  H.  G.  Seeley,  Esq., 
F.L.S.,  F.G.S.,  etc.,  Professor  of  Geography  in  King's  College,  London. 

The  species  described  by  the  author  were  named  by  him  Proco- 
lophon Griersonij  P,  sphenicepa,  and  P.  platyceps ;  they  are  repre- 
sented by  skulls  imbedded  in  a  hard  red  ironstone  matrix,  apparently 
tionary,  and  were  collected  at  Donybrook,  Queenstown  district, 
Colony. 
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With  regard  to  the  syBtematio  position  and  affinities  of  Procolophon 
the  author  remarked  that  the  presence  of  two  distinct  nares  shown 
in  his  specimens  removed  the  genus  from  the  family  Mononarialia, 
of  the  Order  Theriodontia,  in  which  it  was  placed  by  its  founder, 
Prof.  Owen.  He  further  discussed  in  considerable  detail  the 
characters  upon  which  the  Oixler  Theriodontia  is  founded,  and 
arrived  at  the  conclusion  that  this  group  must  be  regarded  as 
synonymous  with  the  family  Cynodontia,  which,  with  the  Dicyno- 
dontia  and  Cryptodontia,  make  up  Prof.  Owen's  Order  Anomodontia. 
The  genus  Procolophon,  displaying  no  distinguishable  canines,  does 
not  possess  the  chief  character  of  a  Cynodont,  and  the  author  pre- 
ferred to  regard  it  as  belonging  to  a  parent  type  from  which  the 
dental  modifications  of  the  Anomodontia  have  been  derived,  and, 
from  its  apparent  relationship  to  Hatteria,  as  forming  an  extinct 
family  of  the  Hhynchocephala.  Hence  the  question  arises,  whether  the 
Anomodontia  and  the  South- African  forms  described  as  Dinosaurs  might 
not  be  united  with  the  Bhynchocephala  to  form  a  subclass  of  Reptilia. 

4.  "  On  the  Microscopic  Structure  of  the  Stromatoporidao,  and  on 
Pal8902soic  Fossils  mineralized  with  Silicates,  in  Illustration  of 
Eozoon."    By  Principal  Dawson,  LL.D.,  F.E.S.,  F.G.S. 

The  fossils  included  in  the  group  Stromatoporidsa  occur  from  the 
Upper  Cambrian  to  the  Upper  Devonian  inclusive,  and  are  especially 
abundant  in  the  Trenton,  the  Niagara,  and  Comiferous  formations. 
The  author  regards  Stromatopora  as  a  calcareous,  non-spicular  body, 
composed  of  continuous,  concentric,  porous  laraiuae,  thickened  with 
supplemental  deposit,  and  connected  by  vertical  pillars,  most  of 
which  are  solid.  The  surface  shows  no  true  oscula ;  but  perforations 
made  by  parasitic  animals  have  been  mistaken  for  such.  From  the 
structure  they  could  not  have  been  related  either  to  Sponges  or  to 
HydraeimicB,  and  still  less  to  Corals ;  they  are  truly  Foraminiferal, 
and  may  be  regarded  as  the  Palsdozoio  representatives  of  Eozoon. 
Stromatopora  occurs  infiltrated  with  calcite  or  silica,  or  with  its 
structure  wholly  or  in  part  replaced  by  crystalline  silica  or  dolomite. 
The  author  concluded  his  first  section  with  the  characters  of  the 
genera  which  have  been  included  in  the  Stromatoporidsd. 

In  the  second  part  he  noticed  a  number  of  facts  relating  to  the 
occurrence  of  hydrous  silicates,  of  the  nature  of  serpentine  and 
loganite,  infiltrating  Palaeozoic  fossils  and  illustrating  the  mode  of 
occurrence  and  mineralization  of  Eozoon.  Instances  of  this  kind 
were  said  to  be  exceedingly  common,  showing  that  such  silicates, 
whether  originating  as  direct  deposits  from  water,  or  as  products  of 
the  decomposition  of  other  minerals,  are  efficient  agents  in  the 
infiltration  of  the  pores  and  cavities  of  fossils,  and  have  played  this 
part  from  the  earliest  geological  periods. 

5.  "  On  some  Devonian  Stromatoporidaa."  By  A.  Champemowne, 
Esq.,  F.G.S. 

The  author's  object  in  this  note  was  to  give  some  account  of  the 
origin  of  a  fine  series  of  StromatoporidaB  presented  by  him  to  the 
Society.  They  were  all  from  the  Qreat  Devon  Limestone  at  Dar- 
tington,  near  Totnes,  and  were  obtained  from  a  spot  in  tlift  "Cv\»'2«^ 

DBCADB  n. — TOX.  IT.— A'O.  THI.  *i.^ 
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Quarry,  where  ihe  dolomitio  rook,  instead  of  bein^  hard  and 
oryatalline,  is  friable  and  almost  sandy.  The  Stromaioporids 
appear  to  have  grown  in  the  position  in  which  they  are  found. 
They  can  be  traced  for  a  few  yards  from  the  friable  portion  of  the 
rocky  but  gradually  become  merged  in  the  crystalline  rook,  and  then 
their  internal  structure  is  obliterated.  T^e  author  noticed  the 
various  Corals,  Crinoids,  and  Brachiopods  which  oocnr  associated 
with  the  Stromatoporidao.  The  author  regarded  the  Stromatoporids 
as  a  somewhat  heterogeneous  mixture  of  organisms,  but  did  not 
believe  that  they  were,  as  had  heen  asserted,  originally  siliceoua 
Some  seem  clearly  to  be  of  a  structure  like  that  of  the  Milleporidae. 
With  regard  to  Caunopora  placenta  (Lonsd.)  the  author  qnoted  Prof. 
Phillips's  remarks  as  to  the  characters  of  the  tubes  traversing  its  mara. 
He  had  observed  in  sections  from  near  Teignmouth,  that  the  axis  of 
the  tube  is  lamelliferous,  giving  some  appearance  of  a  oolnmella. 

6.  "  On  a  new  Species  of  Loftusia  from  British  Columbia."  By 
George  M.  Dawson,  D.Sa,  F.Q.S.,  Assoc.  R.S.M.,  of  the  Qeologicd 
Survey  of  Canada. 

The  specimens  on  which  the  genus  Lo/lusia  was  founded  in  1869 
were  brought  from  Persia  by  Mr.  Loftus,  and  the  rock  from  whidi 
they  were  derived  was  conjecturally  assigned  to  the  earliest  Ter- 
tiaries.  The  species  now  described  (L.  colunibiana)  is  found  in  a 
limestone  probably  of  Carboniferous  age,  and  occurs  in  the  banks  of 
Marble  Canon,  Frazer  River.  It  appears  to  be  very  thick,  but  may 
be  repeated  by  folds.  Crinoidal  columns  and  Fusulina  have  been 
sparingly  found  in  it.  Where  the  Lofiusia  is  abundant  it  becomes 
almost  the  sole  fossil,  and  sometimes  occurs  as  numerously  as  GUh 
higerifUB  in  the  Atlantic  ooze. 

Loftusia  Columbiana  differs  from  L.  persica  in  size,  its  longer  dia- 
meter averaging  about  0-3  inch,  and  its  shorter  one  0*1 9-0-2  inch. 
No  regular  furrowing  of  the  outer  surface  has  been  observed,  but 
some  specimens  show  a  tendency  to  acervnline  growth.  The  struc- 
ture is  very  like  that  of  L,  persica  as  described  by  Mr.  Brady, 
although  the  nucleus  is  not  quite  so  distinctly  cancellated ;  the  te«t 
consists  of  a  primary  layer  coiled  upon  itself,  with  **  secondary " 
septa  very  oblique  to  it,  and  "  tertiary  "  columns  expanding  at  the 
outer  ends  into  cross-like  "  rafters,"  supporting  the  roof  formed  by 
the  primary  lamina.  A  loose  cancellated  growth  also  depends  from 
the  roof  between  these  rafters,  analogous  to  a  more  regular  structure 
observed  in  L.  persica.  The  usual  number  of  convolutions  is  about 
10,  but  as  many  as  17  have  been  observed. 


n.— June  19,  1878.— John  Evans,  Esq.,  D.C.L.,  F.K.S.,  Vice- 
President,  in  the  Chair. 

Important  Notice, — The  Chairman  stated  that  a  letter  had  been 
received  from  Count  Gaston  de  Saporta,  announcing  that  the  Con- 
gress of  the  French  Association  for  the  Advancement  of  Science  will 
be  this  year  held  in  Paris  from  the  22nd  to  the  29th  August.  As 
President  of  the  Geological  Section,  M.  de  Saporta  invites  Fellows 
the  Geological  Society  to  take  part  in  the  proceedings  of  this 
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Congress,  which  will  be  followed  by  two  other  riumcfns  of  ex- 
clusively geological  interest,  at  which  Fellows  of  the  Society  may 
be  present.  Announcements  of  an  intention  to  attend  the  Congress, 
or  to  send  memoirs  to  be  laid  before  it,  and  applications  for  further 
information,  may  be  addressed  to  the  Secretary  of  the  French  Asso- 
ciation, 76,  Rue  de  Bennes,  Paris;  or  direct  to  the  Comte  de  Saporta, 
Aix-en-Provence,  Bouches-du-Rhdne. 

The  following  communications  were  read : — 

1.  ''On  the  Section  of  Messrs.  Meux  k  Co.'s  Artesian  Well  in  the 
Tottenham  Court  Road,  with  Notices  of  the  Well  at  Crossness,  and 
another  at  Shoreham,  Kent;  and  on  the  probable  range  of  the 
Lower  Qreensand  and  Palsdozoic  Rocks  under  London."  By  Prof. 
Prestwioh,  M.A.,  F.R.S.,  V.P.G.S. 

The  well-known  boring  at  Kentish  Town  in  1856  showed  the 
absence  at  that  point  of  Lower  Oreensand,  the  Qanlt  being  im- 
mediately succeeded  by  hard  red  and  variegated  sandstones  and 
clays,  the  age  of  which  was  at  first  doubtful,  but  which  were  finally 
considered  by  the  author  to  approach  most  nearly  to  the  Old  Red 
Sandstone  near  Frome,  and  to  the  Devonian  sandstones  and  marls 
near  Mons,  in  Belgium.  The  existence  of  some  doubt  as  to  this 
identification  rendered  the  boring  lately  made  at  Messrs.  Meux's 
brewery  particularly  interesting,  and  the  method  of  working  adopted 
by  the  Diamond-boring  Company,  by  bringing  up  sharply  cut  cores 
from  known  depths,  gave  special  certainty  to  the  resmts  obtained. 
The  boring  passed  through  652^  feet  of  Chalk,  28  feet  of  Upper 
Greenland,  and  160  feet  of  Qault,  at  the  base  of  which  was  a  seam, 
3  or  4  feet  thick,  of  phosphatio  nodules  and  quartzite  pebbles. 
Beneath  this  was  a  sandy  calcareous  stratum  of  a  light  ash-colour, 
passing  into  a  pale  or  white  limestone,  and  this  into  a  ix>ck  of  oolitic 
aspect.  Casts  and  impressions  of  shells  found  in  this  bed  showed  it 
to  be  the  Lower  Greensand,  whose  place  it  occupied.  The  boring 
was  carried  further  in  the  hope  of  reaching  the  loose  water-bearing 
sands  of  this  formation,  but  the  rook  became  very  argillaceous,  and 
when  62  feet  of  it  had  been  passed  through,  the  bore  entered  into 
mottled  red,  purple,  and  greenish  shales,  dipping  at  35^  in  an 
unascertained  direction.  These  beds  continued  through  a  depth  of 
80  feet,  when,  their  nature  being  clearly  ascertained,  the  boring  was 
stopped.  The  fossils  of  these  coloured  beds,  which  included  Spiru 
fera  disjuncta,  Bhynchonella  cuboides,  and  species  of  Edmondia, 
Chonetea,  and  Orthia,  show  them  to  be  of  Devonian  age.  Thus,  the 
existence  of  PalaBoasoic  rocks  at  an  accessible  depth  under  London, 
and  the  absence  of  the  Jurassic  series,  as  maintained  long  since  by 
Mr.  Godwin-Austen,  is  experimentally  demonstrated. 

These  facts  are  of  interest  in  connexion  with  the  question  of  the 
possible  extension  of  the  Coal-measures  under  the  Cretaceous  and 
Tertiary  strata  of  the  south-east  of  England.  The  beds  found  at  the 
bottom  of  Messrs.  Meux's  boring  are  of  the  same  character  as  the 
Devonian  strata  which  everywhere  accompany  the  Coal-measures 
in  Belgium  and  the  north  of  France,  being  brought  into  juxtaposition 
with  them  by  great  faults  and  flexures.    The  author  refers  ea^goicsi^VV^ 
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to  a  remarkable  seotion  at  Auchy-au-Bois,  in  the  western  extremity 
of  the  Valenoiennes  ooal-field,  which  is  particularly  interestinj^ 
from  its  famishing  evidence  that  the  Hardinghen  coal-field,  between 
Calais  and  Boulogne,  is  a  prolongation  of  that  of  Valenciennes,  and 
because  the  same  strike  and  a  prolongation  of  the  same  great  fault 
observed  at  Auohy-au-Bois  through  Hardinghen  would  carry  the 
southern  boundary  of  any  coal-field  in  the  south-east  of  England  just 
south  of  Maidstone,  thence  passing  a  little  north  of  London.  Hence 
it  is  in  the  district  north  of  London  that  there  is  most  probability 
of  the  discovery  of  the  Carboniferous  strata.  The  extent  of  country 
in  which  shafts  could  be  sunk  to  the  Palsdozoic  strata  will,  however, 
be  limited  by  the  presence  of  the  water-bearing  Lower  Greensand, 
which  probably  reaches  close  to  London  in  the  south,  reappears  in 
Buckinghamshire  and  Bedfordshire,  30  or  40  miles  north  of  London, 
and  probably  extends  some  distance  towards  the  city  under  the 
Chalk  hills  of  those  counties  and  Hertfordshire. 

The  nature  of  the  representative  of  the  Lower  Greensand  in  the 
boring,  and  the  characters  of  the  fossils  contained  in  it,  lead  the 
author  to  the  conclusion  that  in  it  we  have  a  deposit  produced  near 
the  shore  of  the  Neocomian  sea,  here  probably  consisting  of  cliffs  of 
Devonian  (or  Carboniferous)  rock.  From  these  cliffs  the  calcareous 
material  which  here  replaces  the  usual  loose  sands  of  the  Lower 
Greensand  was  perhaps  derived  by  the  agency  of  springs ;  and  the 
shore-line  itself  must  be  situated  between  the  south  end  of  Totten- 
ham Court  Road  and  the  Kentish  Town  boring.  The  sandy  beds  of 
the  Lower  Greensand  will  probably  be  found  to  set  in  at  no  great 
distance  to  the  southward,  presenting  the  conditions  necessary  for 
storing  and  transmitting  underground  waters.  A  test  l)oring  made 
by  Mr.  H.  Bingham  Mildmay  at  Shoreham  Place,  about  5  miles  from 
Sevenoaks,  and  in  which  the  Lower  Greensand  was  met  with  at 
about  the  estimated  depth  (450  feet)  and  furnished  a  supply  of 
water,  seems  to  confirm  these  views. 

2.  "  Notes  on  the  Palaeontology  and  some  of  the  Physical  Con- 
ditions of  the  Meux's  Well  Deposits."  By  Charles  Moore,  Esq.,  F.G.S. 

The  author  remarks  that  the  various  deep  well-borings  around 
London  have  abundantly  proved  the  correctness  of  Mr.  Godwin- 
Austen's  inference  that  the  Palaeozoic  axis  of  the  Mendips  is  con- 
tinued beneath  the  Secondary  rocks  of  the  south-eastern  counties. 
Mr.  Moore  has  himself  shown  that  where  these  Paleeozoic  rocks 
finally  disappear  under  the  Secondary  strata,  there  are  found  at 
the  unconformable  junction  of  the  two  formations  a  set  of  deposits 
indicating  the  existence  of  very  peculiar  physical  conditions,  and  con- 
taining an  admixture  of  fossils  from  very  different  geological  horizons. 
Hence  he  was  led  to  inquire  whether  any  trace  of  similar  abnormal 
deposits  might  be  found  in  the  deep  well-borings  of  London. 

With  this  view  he  set  to  work  at  washing  some  of  the  materials 
supplied  to  him  from  the  Meux*s  well,  and  studying  the  minute  and 
often  microscopic  organisms  thus  obtained. 

The  Chalk  was  not  particularly  examined;   but  from  a  single 
smaM  sample  of  Upper  Greensand  he  obtained  numerous  Foramini« 
^^em  and  Entomostraca,  inolu^g  oii<b  C'^Y^dndw  to  sdenoe. 
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The  Gault  yielded  16  genera  and  over  30  species  of  Foraminifera, 
and  20  species  of  Entomostraca,  4  of  which  are  new,  together  with 
many  young  forms  of  Gasteropods  and  Cephalopods. 

But  the  chief  interest  of  Mr.  Moore's  investigations  centres  in  the 
67  feet  of  strata  intervening  between  the  Qault  and  Devonian.  In 
this  marly  and  oolitic-looking  deposit  he  found  no  less  than  85 
different  kinds  of  organisms,  exhibiting  a  singular  admixture  of 
marine  and  lacustrine  forms  of  life.  Foraminifera  are  rare,  but 
Entomostraca  and  Polyzoa  are  very  abundant.  Some  genera  are 
found,  such  as  Carpenteria,  Saccammina,  Thecidiumf  and  Zellania,  of 
which  the  range  in  time  is  greatly  extended  by  these  investigations. 

The  author  fully  confirms  Mr.  Etheridge's  reference  of  the  beds  in 
question  to  the  Neocomian  period,  widely  as  they  differ  in  physical 
characters  from  the  Lower  Greensand  strata  of  the  south-east  of 
England.  From  a  careful  study  of  the  nature  and  condition  of 
preservation  of  the  minute  organisms,  he  concludes  that  the  deposits 
which  contain  them  were  formed  at  first  in  shallow  lacustrine 
hollows  on  the  surface  of  the  Devonian  rocks  now  lying  buried  at 
a  depth  of  1000  feet  below  London,  and  that  these  lakes  were 
invaded  by  the  waters  of  the  Neocomian  sea,  with  the  deposits  of 
which  their  sediments  were  in  part  mingled,  and  under  which  they 
were  finally  buried. 

The  Chair  was  then  taken  by  Prof.  Prestwich,  M.A.,  F.R.S.,  Vice- 
President. 

3.  *'  On  Pelaneehinus,  a  New  Genus  of  Sea-urchin  from  the  Coral 
Rag."  By  W.  Keeping,  Esq.,  B.A.,  F.G.S.,  Professor  of  Geology  in 
the  University  College  of  Wales. 

In  1866  an  Echinid  was  described  by  Dr.  T.  Wright,  from  very 
fragmentary  specimens,  under  the  name  of  HemictdartB  coraUincL 
Since  that  date  two  very  fine  specimens  have  been  obtained,  both 
from  Calne,  one  by  Mr.  Keeping;  sen.,  now  in  the  Woodwardian 
Museum,  Cambridge,  the  other  in  Dr.  Wright's  Collection.  These 
show  the  affinities  of  the  Echinid  to  be  rather  with  the  Echinothu- 
ridsd.  The  author  regards  this  species  as  the  type  of  a  new  genus, 
which  he  names  PelaneehintUy  and  characterizes  as  follows : — 

Test  thin,  circular,  depressed,  consisting  of  (1)  transversely  elon- 
gated coronal  plates,  (2)  apical  plates,  (3)  an  actinal  system  of  im- 
bricating plates  around  the  mouth.  Interamhtdacral  areas  narrow  at 
poles,  but  rapidly  broadening  towards  the  equator,  with  6-8  rows  of 
primary  tubercles ;  the  plates  narrow,  contour  rounded,  slightly  un- 
dulating. Ambtdacral  areas  more  uniform,  equal  to  ^  of  the  greatest 
breadth  of  interambulacral  areas,  with  two  rows  of  primary  tuber- 
cles ;  poriferous  zones  broad,  pores  trigeminal  in  the  equatorial  re- 
gion. Primary  tubercles  rather  small,  smooth,  perforated,  uniform 
over  both  areas;  spines  small,  hollow.  Peristome  deeply  notched. 
Actinal  area  about  f  of  whole  test,  covered  with  zones  of  large  im- 
bricating plates,  with  perforations  and  perforated  tubercles.  Jaws 
lar^  and  powerful. 

This  Echinid  has  a  marked  similarity  of  appearance  to  Asihenosoma 
(^Calveria),  and  the  author  believes  that  it  also  had  a  flexible  test. 

4.  <*  Remarks  on  Sauroeephalus^  and  on  l\i<d  ^^diib%  ^\i\^  \kK^^ 
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been  referred  to  that  Genus."*    By  E.  Tulley  Newton,  Esq.,  F.Q.S., 
of  n.M.  Geologioal  Sarvey. 

In  this  paper  the  author  gives  an  account  of  those  species  of  fossil 
fishes  from  American  and  British  Cretaceous  strata  which  have  been 
referred  to  the  genus  SaurocephaLuBf  originally  founded  by  Harlan 
in  1830,  and  re^u-ded  by  him  as  showing  Reptilian  affinities.     The 
ichthyio  nature  of  the  species  first  described,  S.  laneiformiB,  HarL, 
was  demonstrated  by  Prof.  Owen.     By  Agassiz  and  Dixon  certain 
large  fossil  teeth  from  the  White  Chalk  of  Lewes  were  identified 
witib  SauroeephaluB  lanciformis ;  and  the  latter  also  figures  an  elon- 
gated rostrum  as  belonging  to  this  fish.     Dr.  Leidy,  in  1856,  re- 
described  the  original  specimen  of  Saurocephalua  lanciformis,  and 
maintained  that  the  jaws  and  teeth  figured  by  Dixon  do  not  belong 
to  the  genus  Sauroeephalus  ;  he  proposed  for  them  the  new  name  of 
Frotosphyrana  ferox.     He  thought  also  that  the  rostrum  figured  by 
Dixon  belonged  to  a  Sword-fish,  and  named  the  species  Xiphias 
Dixoni,    Specimens  since  obtained  by  Prof.  Cope  in  America  have 
proved  that  the  rostrum  and  teeth  actually  belonged  to  the  same 
fish,  for  the  reception  of  which  and  of  some  American  species  Prof. 
Cope  established  the  genus  Erisichihe.    The  author  maintains  that 
-  Dr.  Leidy's  name,  Frotosphyrana^  must  be  adopted  for  this  genus, 
which  will  include  the  British  Frotosphyrana  ferox  (=  Er%sich(ke 
Dixoni,  Cope)  and  the  American  species,  P.  angulata,  anitida,  pene- 
trans, and  ziphioides  (Cope).     The  characters  of  these  species  are 
discussed  by  the  author.     The  species  known  on  the  Continent  as 
Sauroeephalus  alhensis  and  influens,  Pict.  et  Camp.,  S.  dispar,  Heb., 
and  8.  inaqualis  and  substriatus,  Munst.,  are  founded  on  isolated 
teeth,  and  their  affinities  are  regarded  by  the  author  as  doubtful. 
Saurodon  Leanus,  Hayes,  from  the  Greensand  of  New  Jersey,  belongs 
to  Sauroeephalus,  which  also  includes  a  species  described  by  Prof. 
Cope  under  the  name  of  S.  arapahovius.     Teeth  erroneously  referred 
by  Agassiz  to  Saurodon  Leanus  were  regarded  by  Dr.  Leidy  as  re- 
presenting a  new  genus  and  species,   Cimolichthys  levesiensis,  and  to 
this  last-named  genus  the  author  refers  Spinax  marginatus,  Beuss, 
and,  doubtfully,  Sauroeephalus  striatus,  Ag. 

5.  "  A  Microscopical  Study  of  some  Huronian  Clay-slates."  By 
Dr.  Arthur  Wichmann. 

Although  a  considerable  amount  of  attention  has  been  devoted 
during  recent  years  to  the  microscopical  study  of  clay-slates  and 
slate-clays,  yet  in  none  of  the  published  researches  on  this  subject 
has  any  account  of  the  structure  of  the  clay-slates  of  Archsean  age 
been  given.  The  author  has  availed  himself  of  the  extensive  series 
of  Huronian  clay-slates  collected  by  Major  T.  V.  Brooks  in  the 
country  around  Lake  Superior  to  supply  this  deficiency.  The  suc- 
cession and  relation  of  the  rocks  described  have  been  fully  treated 
of  in  the  work  of  Hermann  Credner  and  the  publications  of  the 
Geological  Survey  of  Michigan. 

The  chief  object  of  the  author  is  to  discuss  the  origin  of  the  crys- 

*  On  this  genua  see  a  paper  by  Mr.  W.  Davies,  F.G.S.,  in  the  Gbol.  Mag.  1878, 
for  June  Isst,  p.  254,  FU  YIH. 
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talline  oonstituents  in  clay-slates,  and  at  the  outset  he  describes  in 
detail  the  microscopical  character  of  day-slate,  of  novaculite  or 
whetstone,  and  of  carbonaceous  shales  and  slates  respectively,  dwell- 
ing more  especially  on  the  crystallized  minerals  wnich  can  be  de- 
tected in  each  of  these  rocks,  and  the  nature  of  the  isotropic  ground- 
mass  which  sometimes  surrounds  them.     He  then  points  out  that 
three  theories  hare  been  advanced  to  account  for  the  presence  of 
these  crystalline  constituents  in  clay-slates.     According  to  the  first 
of  these  theories,  the  crystals  in  question  are  regarded  as  the  product 
of  chemical  action  in  Uie  ocean  in  which  the  original  material  was 
deposited.    The  second  theory  attributes  the  formation  of  the  crys- 
talline minerals  to  processes  of  metamorphism  which  have  taken 
place  subsequently  to  the  solidification  of  the  rocks.     The  third 
theory  refers  them  to  aggregative  action  going  on  in  the  still  plastic 
clay-slate  mud  prior  to  its  solidification.     The  first  of  these  theories 
has  been  maintained  by  O.  R.  Credner,  but  against  it  the  author 
adduces  numerous  arguments,  and  especially  points  out  the  difficulty 
of  supposing  an  ocean  capable  of  depositing  from  its  waters  at  suc- 
cessive periods  minerals  of  such  different  chemical  composition  as 
chlorite,  aotinolite,  etc.    In  opposition  to  the  second  theory,  which 
has  received  the  support  of  Delesse,  the  author  points  out  the 
existence  in  the  rocks  in  question  of  broken  crystals,  which  have 
been  recemented  by  the  surrounding  clay-slate  substance.      The 
author  is  thus  led  to  incline  towards  the  third  theory,  in  favour  of 
which  some  striking  facts,  drawn  from  the  microscopical  structure 
of  the  rocks,  have  already  been  adduced  by  Zirkel.   He  admits,  how- 
ever, that  later  metamorphic  actions   are   not  to  be  excluded  in 
seeking  to  account  for  the  origin  of  the  crystalline  constituents  of 
day-slates,  and  points  out  that  four  distinct  stages  must  be  con- 
sidered in  the  series  of  changes  by  which  the  rocks  in  question  have 
acquired  their  present  character: — 1st,  the  deposition  of  the  mud; 
2nd,  the  formation  of  minerals  during  the  plastic  state ;  drd,  the 
separation  of  materials  during  solidification ;  and  4th,  the  action  of 
metamorphic  processes. 

6.  ''  On  a  Section  through  Glazebrook  Moss,  Lancashire."  By  T. 
Mellard  Beade,  Esq.,  F.G.S. 

The  section  described  has  been  exposed  in  a  cutting  made  by  the 
Wigan  Junction  Bailway.  The  moss  rests  on  an  almost  perfectly 
level  floor  of  Boulder-clay,  and  is  at  the  deepest  part  about  18  feet 
thick.  In  the  3  or  4  feet  at  the  base  are  branches,  eta,  of  trees,  and 
the  stools  are  found  resting  on  and  rooted  in  the  Boulder-clay; 
these  are  of  oak  or  birch.  Prostrate  trunks  were  found,  one,  an 
oak,  being  46  feet  long  and  3  in  diameter.  The  surface  of  the  clay 
is  about  60  feet  above  O.D.  The  author  thinks  the  section  shows 
that  the  moss  originated  from  the  decay  of  the  forest,  favoured  by 
change  of  climate,  and  gradually  extended  itself  from  the  centre 
outwards,  trees  within  it  at  the  outer  part  being  much  less  dis- 
coloured than  those  further  in.  In  the  latter  part  of  the  paper  some 
cuttings  and  borings  in  the  clays  and  sands  are  described,  and  the 
asserted  occurrence  of  the  trunk  of  a  tree  in  the  Boulder-clay  is  noticed. 

7.  <'  On  the  Tertiary  Deposits  on  the  Solimdea  aad  J«n^T3  ^V^^^t^ 
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in  Brazil." »    By  C.  B.  Brown,  Esq.    With  an  Appendix  by  B.  Ethe- 
ridge,  Esq.,  F.B.S.,  F.G.S.,  and  communicated  by  him. 

The  audior  in  1874  had  the  opportunity  of  examining  some  beds 
on  the  Solimdes,  or  Upper  Amazon,  and  the  Javary,  one  of  its 
tributaries,  containing  fresh-  and  brackish- water  sheUs  similar  to 
those  found  in  Tertiary  deposits  at  Pebas,  still  higher  up  the  river. 
The  author  indicates  certain  errors  into  which  he  considers  previous 
writers  to  have  fallen,  and  calls  attention  to  the  great  extent  of 
these  beds,  now  demonstrated  to  occupy  a  tract  of  country  300  miles 
in  length  by  50  miles  in  breadth,  and  to  the  enormous  change  in 
the  physical  features  of  the  region  which  must  have  taken  place 
since  their  deposition.  When  this  took  place,  the  sea  reached  pro- 
bably 1500  miles  west  of  its  present  shore-line,  covering  the 
country  which  is  now  the  valley  of  the  Amazon.  The  absence  of 
examples  of  false-bedding  in  the  deposits  leads  him  to  the  con- 
clusion that  they  were  formed  in  comparatively  still  water,  into 
which  flowed  numerous  streams  bearing  much  vegetable  matter, 
which  has  served  for  the  formation  of  lignitic  deposits,  the  whole 
being  probably  the  upper  beds  of  a  series  deposited  under  similar 
conations  to  those  of  deltas  in  the  present  day.  In  an  Appendix, 
Mr.  Etheridge  notices  the  fossils  collected  by  the  author,  which 
included  seeds  of  Chara,  and  species  of  Myiilus  (1  new),  AniaothyrU 
(4,  1  new),  Lutraria  (1),  Thracia  (1),  Anodan  (1),  Unto  (1)  Natica  ? 
(1),  Neritina  (2  new),  Odostomia  (1),  Hydrohia  (I  new),  Inaa  (1), 
Dyris  (1),  ABBtminea  (1  new),  FeneUa  (1),  Geriihium  (2  new), 
Melania  (4  new),  and  a  new  Gasteropod  constituting  a  genus 
(Alycaodonta)  allied  to  Alycaus.  A  single  palatal  plate  of  MyliobattB 
or  Zygobatis  (probably  derived)  was  also  found. 

8.  "  On  the  Physical  History  of  the  English  Lake-district,  with 
Notes  on  the  Possible  Subdivision  of  the  Skiddaw  Slates."  By  J. 
Clifton  Ward,  Esq.,  Assoc.  K.S.M.,  F.G.S. 

The  author  traces  the  physical  history  of  the  lake-district  from 
the  commencement  of  the  period  when  the  Skiddaw  slate  was 
deposited.  To  this  succeeded  the  volcanic  Borrowdale  series,  which 
is  followed  after  a  physical  break  by  the  Coniston  Limestone. 
Between  this  and  the  succeeding  Silurian  deposits  there  is  little,  if 
any,  break.  Thus,  in  the  Lake-district,  the  break  between  Upper 
and  Lower  Silurian  is  physically  below  the  Coniston  Limestone, 
though  palsdontologically  it  is  above  it 

The  Old  Red  Sandstone  period  was  one  of  denudation,  which  was 
continued  into  the  Carboniferous  period ;  and  perhaps  the  whole 
district  was  actually  covered  by  the  sea  during  the  maximum 
depression  of  the  Lower  Carboniferous  epoch.  Since  then  it  has 
probably  never  been  submerged,  but  exposed  to  continuous  subaerial 
denudation.  The  physical  significance  of  the  Mell  Fell  (Lower 
Carboniferous)  conglomerates  receives  special  attention. 

The  author,  from  consideration  of  the  amount  of  deposition  and 
rate  of  denudation,  attempts  to  estimate  the  period  which  has 
elapsed  since  the  commencement  of  the  record,  and  sets  it  down 

'  On  this  subject  see  paper  by  Dr.  H.  Woodward,  in  Ann.  &  Mag.  Nat.  Hist, 
ler.  4,  ToL  Tii.  pp.  69  and  101,  pL  t. 
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i  62,000,000  of  years.  He  then  considers  the  age  of  the 
kiddaw  slates.  From  lithological  resemblances  he  is  led  to  cor- 
)late  the  Skiddaw  grit  with  the  basement  grit  in  the  Welsh  Arenig 
3ries,  and  thus  to  regard  the  beds  below  the  grit  as  the  equivalent  of 
le  Tremadoo,  and  perhaps  of  part  of  the  Lingula  Flags. 

The  palseontological  evidence  for  the  correspondence  of  the  Arenig 
3ries  with  the  whole  of  the  Skiddaw  slates  rests  chiefly  on  Graptolites 
tid  Trilobites.  The  author  holds  that  the  evidence  from  the  former 
I  inconclusive,  and  that  from  the  latter  to  some  extent  contradictory, 
)  that  the  physical  evidence  can  in  no  way  be  overridden  by  it 

9.  "  On  some  Well-defined  Life-zones  in  the  Lower  Part  of  the 
ilurian  (Sedgw.)  of  the  Lake-district."  By  J.  E.  Marr,  Esq.  Com- 
mnicated  by  Prof.  T.  M*K.  Hughes,  M.A.,  F.G.S. 

This  paper  treats  of  the  zones  of  fossils  occurring  between  the 
'oniston  Limestone  and  Coniston  Grits,  with  a  view  of  establishing 

boundary  between  the  Cambrian  and  Silurian  formations.  In  the 
ike-district  beds  the  genus  Phacops  is  very  abundant,  one  or  more 
pecies  of  its  subgenera  characterizing  each  fossiliferous  formation, 
'he  zones  thus  indicated  are  found  to  hold  good  when  the  organic 
3mains  as  a  whole  are  considered.  The  author  separates  the  Ash- 
ill  shales  from  the  Coniston  Limestone,  giving  separate  lists  of 
)88ils  to  show  the  palsBontological  difference,  from  which  it  appears 
lat  but  few  (and  those  the  very  common  Bala  fossils)  are  common 
)  both,  while  the  most  characteristic  Ashgill  fossils  do  not  occur  in 
le  Coniston  Limestone.  They  indicate  that  the  Ashgill  formation 
I  Upper  Bala.  It  is  very  irregular  in  thickness,  and  the  author 
links  this  due  to  an  unconformity  above  the  Ashgill  beds.  Here 
le  author  agrees  with  Prof.  Hughes  in  placing  the  base  of  the 
ilurian.  He  gives  lists  of  the  fossils  in  the  basement  bed  and  the 
tockdale  Shales,  and  points  out  that  their  facies  is  distinctly 
ilurian.  Very  few  fossils  are  common  to  them  and  the  Coniston 
limestone  or  Ashgill  Shales.  Hence  there  is  here  both  a  physical 
id  a  palsdontological  break,  so  that  the  division  between  Cambrian 
id  Silurian  should  be  placed  at  this  horizon.  A  detailed  description 
svith  lists  of  fossils)  is  given  of  the  Coniston  Flags  and  Coniston 
■rits.  An  appendix  contains  some  palsdontological  notes  on  some 
)ecies  of  the  genus  Phacopa. 

10.  "  On  the  Upper  Part  of  the  Bala  Beds  and  Base  of  Silurian  in 
orth  Wales."  By  F.  Ruddy,  Esq.  Communicated  by  Prof.  T. 
L'K.  Hughes,  M.A.,  F.G.S. 

The  author  describes  a  series  of  sections  in  the  upper  part  of  the 
ala  and  the  sacceeding  beds,  and  gives  lists  of  fossils.  Detaili  of 
le  various  beds  between  the  Bala  and  Himant  Limestone  are 
!ven,  above  which  come  soft  blue  shales  underlying  Tarannon 
lales,  when  fossils  cease  until  the  base  of  the  Wenlock  is  reached, 
he  author  has  been  able  to  trace  the  Himant  Limestone  and  grit 
insiderably  beyond  the  limits  of  the  Himant  valley.    The  sections 

Cynwyd  (to  the  west  of  Corwen)  are  described.  Here  occur  the 
[uivaleuts  of  the  Bala  Limestone  and  beds  above  this  up  to  the 
vel  (probably)  of  the  Himant  Grit. 


878     Corretpondence — Mr,  G,  J.  Hinde — Rev.  E.  Maule  Cok. 


AEBU8CULITB8  AEGBNTBA,  MURRAY. 

Sir, — Though  unable  to  refer  to  Murray's  description  of  this 
fossil,  the  quotations  given  from  it  by  Mr.  B.  Etheridge,  jun.,  in 
the  June  Number  of  the  Magazine,  p  269,  recalled  at  onoe  to  my 
mind  the  characters  of  a  somewhat  similar  fossil  I  discovered  some 
years  since  in  rocks  of  Lower  Carboniferous  age  at  Arsaig  in  Nova 
Scotia.  On  the  shore  at  this  place,  near  McAras  Brook,  there  are 
exposed  beds  of  a  dark,  Oolitic  limestone,  which,  in  places,  are 
interpenetrated  in  all  directions  with  bright  glistening  threads 
"  resembling  broken  bits  of  silver- wire."  These'  occur  in  curved 
fragments  of  about  two  or  three  lines  in  length  and  about  one-tenth 
of  a  line  in  thickness;  they  are  solid,  and,  so  far  as  I  can  see,  neither 
grooved  nor  branched,  and  in  these  respects  they  differ  f^m  the 
forms  described  by  Murray. 

The  only  other  fossils  visible  in  the  same  beds  are  very  poorly 
preserved  casts  of  Producit ;  their  presence  supports  the  opinion 
expressed  by  Mr.  Etheridge  that  these  glistening  threads  are  merely 
the  long  spines  of  this  Brachiopod ;  but  if  this  is  the  case,  it  is  very 
peculiar  that,  whilst  the  shells  of  the  Producti  have  to  a  large  extent 
disappeared,  their  spines  should  have  been  preserved  in  such  great 
numbers  and  such  perfect  condition.  On  this  supposition  too,  it  is 
remarkable  that  similar  spines  (?)  should  not  have  been  noticed  in 
limestones  in  which  Producit  abound,  for  in  the  beds  mentioned  they 
are  very  conspicuous  objects.  Inclosed  are  two  smsJl  pieces  of  the 
rock,  showing  these  spines  (?).  On  one  is  what  appears  to  be  the 
expanded  base  of  attachment.  Geo.  Jennings  Hinde. 

ToHONTO,  June,  21«/,  1878. 


AGE  OF  THE  ROCKS  OF  MONTE  GENEROSO. 

Sir.. — I  have  several  times  had  the  pleasure  of  ascending  Monte 
Generoso,  a  mountain  easy  of  access,  which  lies  between  the  Lakes 
of  Como  and  Lugano,  and  from  which  one  of  the  finest  views  on  the 
continent  is  obtainable.  After  winding  up  through  chestnut  woods  from 
Mendisio  for  some  four  miles,  the  pathway  ascends  a  somewhat  steep 
incline  in  zigzags.  The  rocks  here  are  remarkably  white  and  dazzling 
and  might  be  almost  mistaken  for  chalk.  For  some  40  ft.  or  more  below, 
they  are  coloured  red,  similar  to  the  Red  Chalk  in  Yorkshire. 

On  the  last  occasion  of  my  visit,  I  met  with  a  French  geologist 
at  M.  Paston's  Hotel  near  the  summit,  and  from  him  1  obtained  some 
information  about  these  rocks  which  had  excited  my  curiosity,  but 
not  enough  to  satisfy  me  as  to  their  position  relative  to  English 
strata.     He  classed  them  as  follows  : — 

JURA  LOMBARD. 


Majolique 
Caleaire  rouge 
Oalcaire  grit 
Caleaire  noir 


Conglomeral  Marneux 
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Can  you,  or  can  any  of  your  readers  give  me  some  more  information 
on  this  subject  ?  Edw.  Mauls  Cole. 

Wetwano  Yicaraob,  York. 

P.S. — Can  you  recommend  to  me  any  notices  on  "  Bed  Cbalk  "  in 
England?— KM.  C. 

The  Bev.  E.  M.  Cole  will  obtain  the  information  he  seeks,  by 

consulting  the  following  papers,  which  are  picked  out  of  a  list  still 

in  course  of  formation. 

filake,  Eey.  J.  F.— Proceed.  GeoL  Assoc.  toI.  t.  p.  232,  etc 

Judd,  J.  W.— Quart.  Joum.  Geol.  Soc.  vol.  xxiii.  p.  227. 

PhiUips,  Prof.  J.    Geol.  of  Yorkshire,  3rd  edit.  p.  75. 

Seeley,  Prof.  H.  G. — Ann.  and  Mag.  of  Nat.  Hist.  3rd  series,  rol.  vii.  p.  233, 

1861 ;  Qaart.  Joum.  GeoL  Soc.  yol.  xx.  p.  327. 
Tajlor,  Richard.— Phil.  Mag.  1823,  rol.  61,  p.  81. 
Wiltshire,  Rer.  T.— Quart.  Joum.  Gwl.  Soc.  vol.  xxv.  p.  186. 

For  Analysis  of  Bed  Chalk  see — 

Church,  A.  H.— Chemical  News,  voL  81,  p.  199;  or  Gbol.  Mao.  Vol.  II.  p.  331. 

B.  B.  W. 


THE    REV.    WILLIAM    BRANWHITE   CLARKE, 

M.A.,   F.R.8.,   F.R.Q.8.,   F.Q.8..    ETC. 
Born  2  JxmB|  1798.    Dixd  17  Junb,  1878. 

We  regret  to  record  the  death  of  another  veteran  geologist,  the 
"  Father  of  Australian  Greology,"  the  Bev.  W.  B.  Clarke,  which  took 
place  at  his  residence  near  Sydney,  in  the  eighty-first  year  of  his 
age.  Mr.  Clarke  was  bom  at  East  Bergholt,  Suffolk,  on  the  2nd 
June,  1798,  and  was  partly  educated  at  Dedham  Qrammar  SchooL 
He  entered  Cambridge  in  1817,  becoming  a  member  of  Jesus 
College,  took  his  B.A.  in  January,  1821,  and  became  M.A.  and 
Member  of  Senate  in  1824. 

From  1821  to  1824  he  acted  in  his  clerical  capacity  at  Bamsholt 
and  other  places,  and  during  this  period  made  fifteen  distinct  geolo- 
gical and  other  excursions  on  the  Continent,  in  addition  to  those 
prosecuted  by  him  in  this  country.  During  the  years  1830-81  Mr. 
Clarke  was  present  at  many  of  the  scenes  of  the  Belgian  War  of 
Independence,  and  the  last  siege  of  Antwerp.  His  clerical  duties 
were  continued  up  to  the  year  1839,  when  he  left  for  New  South 
Wales,  with  the  object  of  examining  the  physical  structure  of  the 
country,  and  regaining  health  lost  during  a  severe  illness.  From 
the  time  of  his  arrival  till  1844,  Mr.  Clarke  was  in  clerical  charge 
of  the  country  from  Paramatta  to  the  Hawkesbury  Biver,  and  for  a 
portion  of  the  time  conducted  the  King's  School.  In  that  year  he 
undertook  the  charge  of  Campbelltown,  but  in  1847  he  became 
minister  of  Willoughby,  which  he  held  till  1870,  then  retiring,  after 
nearly  fifteen  years*  service  in  the  church,  with  a  testimonial  from  his 
parishioners,  expressive  of  their  sympathy  and  respect. 
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Mr.  Clarke's  literary  labours  were  numerous  and  varied.  In  1829 
a  series  of  poems  and  translations  were  published,  entitled  ''  Lays 
of  Leisure,"  in  1819  a  poem,  entitled  "Pompeii,"  in  1822  "The 
River  Derwent,  and  other  Poems,"  and  in  1828  "  Eecollections,"  a 
poetic  commemoration  of  a  visit  to  Mont  Blanc ;  and  other  works  of 
a  religious  nature.  Mr.  Clarke's  valuable  services  to  the  Grovem- 
ment  commenced  in  1840,  when  he  made  his  first  journey  to  the 
southward,  through  the  Illawara  district  ITie  result  of  this,  and 
his  other  journeys,  geographical  as  well  as  geological,  will  be  found 
recorded  in  a  clear  and  concise  manner  in  his  chief  work,'  and  in 
the  various  Parliamentary  Blue  Books'  published  by  Authority,  to 
say  nothing  of  the  fifty- three  papers  accredited  to  his  name  in  the 
Catalogue  of  Scientific  Papers'  of  the  Koyal  Society.  In  addition 
to  the  list  there  given,  we  are  acquainted  with  many  others,  and  it 
may  be  mentioned  that  some  of  Mr.  Clarke's  most  interesting  com- 
munications were  made  to  the  leading  Sydney  newspaper,  the  Sydney 
Morning  Herald^  which  we  regret  are  not  preserved  in  a  more 
lasting  form. 

Mr.  Clarke's  labours  as  a  geologist  and  zoologist  commenced  some 
time  before  his  departure  from  this  country,  for  in  1828  a  paper, 
"On  the  Construction  of  Geological  Hammers,"  appeared,  cuid  again 
in  1837,  "  On  the  G^logical  Structure  and  Phenomena  of  Suffolk, 
and  its  Physical  Eolation  with  Norfolk  and  Essex,"  with  several 
others.  One  of  his  first  papers  on  Australian  geology  was,  we 
believe,  "  On  the  Occurrence  of  Atmospheric  Deposits  of  Dust  and 
Ashes ;  with  Remarks  on  the  Drift  Pummice  of  the  Coasts  of  New 
Holland,"  in  1842. 

With  the  *  Discovery  of  Gold  in  Australia,'  and  the  *  Age  of  the 
N.  S.  Wales  Coal-beds,'  the  name  of  W.  B.  Clarke  will  always  be 
associated.  This  is  not  a  fitting  time  to  enter  into  the  merits  of  his 
controversies  respecting  his  claim  for  priority  to  the  former,  or  his 
views  on  the  latter  question ;  let  it  suffice,  however,  that  excepting 
Count  de  Strzelecki,  the  palm  has  been  awarded  him  in  the  Gold 
question  by  Prof.  Geikie,  F.R.S.,  in  a  late  work,*  whilst  the  second 
may,  to  a  certain  extent,  still  be  said  to  remain  an  open  question. 
Some  of  the  more  important  subjects  which  engaged  Mr.  Clarke's 
attention  were  the  occurrence  of  gold  in  granite,  the  occurrence  of 
the  diamond  in  N.  S.  Wales,  and  the  discovery  of  tin  in  Australia. 
The  occurrence  of  the  diamond  appears  to  have  been  known  to 
Clarke  as  early  as  September,  1859 ;  whilst  under  this  head  may  be 
mentioned  a  most  exhaustive  and  criticcJ  paper,  the  Natural  History 
of  the  Diamond,  delivered  in  the  form  of  two  Anniversary  Addresses 
to  the  Royal  Society  (N.  S.  Wales)  on  the  25th  May,  1870,  and  22nd 
May,  1872,  respectively.    Little  doubt  appears  to  exist  that  we  owe 

^  Besearches  in  the  Southern  Ooldfields  of  New  South  Wales.  2nd  ed.  8to.  Sydney. 

^  Papers  relative  to  the  DiscoTery  of  Gold  in  Australia,  presented  to  both  Houses 
of  Parliament,  by  Command  of  Her  Majesty.    Pari.  Blue  Books.     Folio.     London. 

3  Catalogue  ol  Scientific  Papers,  Royal  Society,  rol.  i.  1867  ;  vol.  vii.  1877. 

^  Life  of  Sir  Roderick  I.  Murchison,  Bart.,  K.C.B.,  etc.,  by  Archibald  Geikie^ 
LL.D.,  F.R.S.,  etc.    London,  1875.    Two  vols.  8yo.  (voL  ii.  p.  135). 
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first  actual  diHcovery  of  tin  in  Australia  to  Mr.  Clarke,  as  detailed 
limself  in  a  paper  'On  Mining'  contributed  to  the  Sydney  Morning 
%ld,  August  16th,  1849.  He  also  reported  on  the  occurrence  of 
labar  in  N.  S.  Wales,  and,  by  means  of  a  collection  of  fod^ils,  made 
I  the  assistance  of  W.  Hardy,  Esq.,  first  elicited  the  fact  of  the 
irrence  of  rocks  of  Silurian  age  on  the  flanks  of  the  Dividing 
ge,  a  discovery  for  which  he  was  highly  complimented  by  the 

Sir  E.  I.  Murchison.  This  collection  was  examined  and  deter- 
ed  by  the  late  Messrs.  Lonsdale  and  Salter,  but  a  second  and 
e  extensive  one,  gathered  from  all  parts  of  N.  S.  Wales  by  Mr. 
'ke,  and  his  friends,  has  lately  formed  the  subj^t  of  a  detailed 
successful  work  by  Prof,  de  Koninck.* 

[r.  Clarke  paid  a  geological  visit  to  Tasmania  in  1856,  and  an- 
)r  in  1860,  to  examine  the  country  around  Fingal  and  the  Don 
ar.  The  interest  he  took  in  all  matters  connected  with  Colonial 
logy  cannot  be  better  shown  than  by  the  fact  that  he  success- 
or recommended  no  less  than  three  Grovemment  Geologists  to 
r  respective  colonies,  viz.  the  late  Messrs.  R.  Daintree,  and  0. 
yly  H.  Aplin,  to  North  and  South  Queensland,  and  Mr.  C.  Gk)uld 
V".  Australia,  who  was  succeeded  by  Mr.  H.  Y.  L.  Brown.  We 
eve  Mr.  Clarke  was  also  instrumental,  at  all  events  to  a  consider- 
)  extent,  in  the  appointment  of  Mr.  C.  S.  Wilkinson,  F.G.S., 
'emment  Geologist  for  N.  S.  Wales.  Just  as  he  took  an  interest 
/olonial  Surveys,  so  Intercolonial  Exhibitions  appear  to  have  occu- 
[  much  of  his  time,  taking  particular  interest  in  the  Geological  Sec- 
s,  and  frequently  contributing  articles  to  the  official  catalogues  on 
resources  of  his  adopted  country.  He  was  a  member  of  the  N.  S. 
les  Commission  of  the  Paris  Exhibition  of  1867,  the  Intercolonial 
libition  of  1870,  and  the  Philadelphia  International  of  1877. 
I  Rev.  ^^^  B.  Clarke  was  appointed  in  1839,  by  Sir  G.  Gipps,  a 
stee  of  the  Australian  Museum,  Sydhey,  and  of  the  Free  Public 
rary.  Sir  C.  Fitzroy  placed  his  name  on  the  first  list  of  Fellows 
Sydney  University,  an  honour,  however,  never  accepted,  we  be- 
e.  The  Presidential  and  Vice-Presidential  chairs  of  the  Royal 
iety  of  N.  S.  Wales  were  several  times  filled  by  Mr.  Clarke ;  in- 
1  in  the  reconstitution  of  that  Society,  a  short  time  since,  he  took 
lost  lively  interest.  The  Geological  Society  of  London  elected 
1  a  Fellow  in  1826,  and  awarded  him  the  Murchison  Medal  in 
7,  "  in  recognition  of  his  remarkable  services  in  the  investigation 
he  older  rocks  of  New  South  Wales."  By  the  Royal  Geographi- 
Society  he  was  elected  a  Fellow  in  1865,  and  his  name  is  to  be 
id  amongst  the  list  of  members  of  the  Societe  Greologique  de  France, 
the  Corr.  Members  of  other  Continental  Societies.  Mr.  Clarke  was 
ted  a  Fellow  of  the  Royal  Society  in  June,  1 876,  for  "the  important 
b  taken  (by  him)  in  the  refounding  of  the  Royal  Society  of  N.  S. 
les,  and  in  the  promotion  of  Scientific  Knowledge  in  the  Colony." 

believe  Mr.  Clarke  was  engaged,  only  shortly  before  the  com- 

Recherches  sur  les  Fossiles  pal^ozoiquee  de  la  Nouyelle-Galles  dn  Sad  (Australie). 
L.  G.  de  Eoninck,  D.M.  Bruxelles  (2  rols.  Syo.  pt.  1,  text  and  atlas,  1876; 
I  2  and  3,  text  and  atlas,  1876-77). 
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ytmmctmeni  of  the  attack  which  resulted  in  his  death,  on  a  (}eoIo<!:icaI 
M^  x*^  y.  S.  Wales,  and  on  a  second  edition  of  his  "  Soathem  Clold 
VWI^^  The  name  of  W.  B.  Clarke  requires  no  encomiams  from  as; 
1^1  wKfQ  we  say,  as  we  think  we  may  safely  do,  that  moro 
iImh  half  his  papers  and  reports  have  heen  written  with  the  view 
1^^  tK«  development  of  the  mineral  resources  of  his  adopted  countiy 
and  the  well-being  of  his  fellow-colonists,  some  idea  may  be  gathered 
of  the  debt  N.  8.  Wales  owes  to  the  memory  of  the  Rev.  W.  B. 
Olarke.  Few  are  aware  of  the  immense  amount  of  work  per- 
formed during  his  various  explorations,  but  it  is  stated  that  he  has 
officially  reported  on  no  less  an  area  than  108,000  square  miles  of 
territory. — E.  E.,  jun. 

[For  Bome  of  the  facts  connected  with  the  earlier  career  of  the  Ber.  W.  B.  Clarke 
m  are  indebted  to  extracts  from  an  Australian  contemporary.] 


THOMAS    OLDHAM,    A.M.,    LL.D.,    F.R.S.,    F.G.S., 

LATE   DIRECTOR   OF    THE    GEOLOQICAL    SURVEY   OF    INDIA. 
Born  Mat,  1816,  Died  17  July,  1878. 

Death  has  just  deprived  us  of  another  well-known  and  eminent 
geologist,  who  was  the  founder  of  and  for  twenty -five  years  occupied 
the  arduous  and  important  post  of  Superintendent  of  the  G^eological 
Survey  of  our  Indian  Empire,  probahly  the  greatest  geological 
undertaking  carried  on  by  the  British  Grovemment. 

Dr.  Oldham  was  the  eldest  son  of  the  late  Thomas  Oldham,  Esq., 
of  Dublin,  in  which  city  he  was  bom  in  May,  1816,  and  where  he 
was  educated  at  a  private  school,  and  entered  Trinity  College,  Dublin, 
before  he  was  sixteen  years  of  age. 

After  obtaining  his  B.A.,  he  devoted  1837-38  to  special  studies  of 
engineering  in  Edinburgh,  where  he  also  applied  himself  to  acquiring 
a  sound  knowledge  of  geology  and  mineralogy  under  Prof.  Jamieson, 
with  whom  he  formed  a  life-long  fiiendship.  Subsequently  he  was 
engaged  in  some  extensive  engineering  works  in  Edinburgh. 

Eetuming  to  Ireland  in  1839,  he  became  principal  Qoological 
Assistant  to  General  (then  Captain)  Portlock,  E.E.,  at  that  time  in 
charge  of  the  Geological  Department  of  the  Ordnance  Survey  of 
Ireland,  and  with  whom  he  surveyed  the  counties  of  Derry  and 
Tyrone,  and  was  largely  engaged  in  the  preparation  of  the  report  on 
those  couuties,  published  in  1843.  Subsequently  he  became  Curator 
and  Assistant  Secretary  to  the  Geological  Society  of  Dublin,  and 
Assistant  Secretary  to  the  Institute  of  Civil  Engineers  of  Ireland. 

In  1844  he  was  appointed  Assistant-Professor  of  Engineering  in 
Trinity  College,  Dublin,  under  Prof.  J.  MacNeill.  In  184o  he 
succeeded  Prof.  Phillips  to  the  chair  of  Geology  in  Dublin  Uni- 
versity. In  1846  he  became  Lecturer  to,  and  in  1848  President  of, 
the  Geological  Society  of  Dublin. 

Between  1844  and  1849  he  communicated  no  fewer  than  twelve 
papers  to  the  •'*  British  Association  '*  and  the  **  Dublin  Geological 
Society's  Journal,"  all  bearing  on  Irish  Geology  and  Palaeontology. 
Iflt  July,  1846,  he  was  appointed  Local-Director  for  Ireland  of  the 
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Geological  Survey  of  the  United  Kingdom,  which  he  held  until  14  Nov., 
1850,  when  he  was  nominated  to  the  charge  of  the  Qeological  Survey 
of  India  by  the  Hon.  the  Directors  of  the  East  India  Company,  ar- 
riving in  Calcutta  early  in  1851. 

Those  of  our  readers  who  are  acquainted  with  the  climate,  the 
physical  features,  and  the  vast  territorial  extent  of  our  Indian 
Empire,  will  more  readily  appreciate  the  onerous  responsibility  un- 
dertaken by  Dr.  Oldham  to  inaugurate  and  set  in  motion  the  ma- 
chinery for  so  large  and  important  a  department  of  the  Indian  Civil 
Service. 

With  only  a  small  staff  of  about  twelve  assistants  he  set  resolutely 
to  work,  and  at  the  end  of  ten  years  from  the  commencement  of  the 
Survey  he  was  able  to  show  an  area,  carefully  mapped  and  coloured 
geologically,  more  than  twice  the  extent  of  the  whole  of  Great  Britain, 
principally  in  Bengal  and  Central  India. 

One  of  the  chief  objects  of  the  Director  was  to  ascertain,  by  care- 
ful examination  and  mapping,  the  extent  of  the  Indian  Coal-measures 
and  the  quality  of  the  Coal.  The  best  appears  to  be  the  Assam 
Coal,  which  lies  near  the  river  Brahmapootra ;  but  extensive  fields 
of  coal  exist,  though  by  no  means  distributed  generally  over  the 
Indian  Empire,  but  almost  entirely  concentrated  in  a  double  band  of 
coal-yielding  deposits,  which,  with  large  interruptions,  extend  more 
than  half-way  across  India,  from  near  Calcutta  towards  Bombay. 

In  1867  Dr.  Oldham  presented  an  elaborate  Report  to  the  Secre- 
tary of  State  for  India,  "  On  the  Coal  Besources  of  India,"  but  no 
fewer  than  sixteen  separate  memoirs  on  the  various  Coal-fields  have 
been  published  in  the  **  Memoirs,"  with  Maps,  viz. : — 


1.  On  the  Coal  and  Iron  of  Cuttack. 

2.  On  the  Structure  and  Relations  of  the 
Talcheer  Coal-field. 

3.  On  the  R&nigunj  Coal-field. 

4.  On  the  Coal  of  Assam. 

5.  The  Jherria  Goal-field. 

6.  On  the  Bokaro  Coal-field. 

7.  On  the  Ramffurh  Coal-field. 

8.  Kurhurh&ii  Coal-field. 

9.  Deoghur  Coal-field. 


10.  Karanp(ir&  Coal-fields. 

11.  The  rtkhiiri  Coal-field. 

12.  The  Daltongani  Coal-field. 

13.  The  Chop^  Coal-field. 

14.  The  S&tpur&  Coal-basin. 

16.  The  Coal-fields  of  .the  Nfig&  Hills, 
bordering  Lakhimpnr  and  Sibsagar 
Districts,  Assam. 

16.  The  Wardha  Valley  Coal-field. 


In  1862-64  he  published,  in  oonjunotion  with  Prof.  John  Morris, 
M.A.,  a  memoir,  "  On  the  Fossil  Flora  of  the  Eajmahal  Series " 
(Memoirs  Greol.  Surv^ India),  illustrated  by  numerous  plates  of  the 
Zamia-like  plants  occurring  in  these  Plant-bearing  beds. 

In  1863  he  communicated  a  paper  to  the  G^logical  Society  of 
London,  **  On  the  Occurrence  of  Kocks  of  Upper  Cretaceous  Age  in 
Eastern  Bengal" 

A  grand  feature  of  the  Geological  Survey  of  India  is  its  publi- 
cations, which,  under  Dr.  Oldham's  administration,  had  attained  to  an 
extent  and  importance  unsurpassed  even  by  the  magnificent  volumes 
issued  by  the  United  States  Surveys,  and  distributed  with  the  same 
liberality. 

These  publications  are  of  four  kinds,  viz. : — 


384  Obituary— Dr.  Thomas  Oldham,  F.B.8. 

1.  Annual  Btportty  commenced  in  1868. 

2.  lUeord§,  issued  Quarterly,  containing  brief  reports  and  papers  forming  abstrada 
of  more  detaUea  work,  and  notices  of  recent  discorenes,  etc.  Koyal  8fo. 
About  11  yolnmes  published,  commenced  in  1868. 

3.  Memoirt,  in  royal  8yo.,  illustrated  by  Plates  and  coloured  Maps  of  the  seyeral 
districts,  of  which  14  Tolumes  hare  appeared,  commenced  in  1869. 

4.  The  FaUBontoUaia  Indiea,  being  figpores  and  descriptions  of  the  Organic  Be- 
mains  obtained  during  the  progress  of  the  Geological  Surrey  of  India.  iiJeren 
separate  series  published. 

Being  in  England  in  1867,  Dr.  Oldham  attended  the  Meeting  of 
the  British  Association  at  Dundee,  and  presented  an  elaborate  Report 
on  the  Geology  of  India. 

Dr.  Oldham's  last  work,  in  connexion  with  the  G^eologioal  Survey 
of  India,  was  to  complete  tiie  transfer  of  the  very  extensive  collections 
and  library  from  the  former  Indian  G^logical  Survey  Office  to  its 
new  quarters  in  the  large  Imperial  Museum  of  Calcutta,  where  they 
are  now  favourably  located  under  the  present  able  Superintendent, 
Mr.  Henry  B.  Medlicott,  M.A.,  F.II.S.,  F.G.S. 

Dr.  Oldham  was  chosen  an  M.B.I.A.  in  1842. 

He  was  elected  a  Fellow  of  the  Geological  Society  of  London  in 
1843  ;  and  of  the  Boyal  Society  in  1848. 

He  was  elected  a  Member  of  the  Boyal  Asiatic  Society  of  Bengal 
in  1857,  serving  fourteen  years  on  the  Council  and  four  times 
elected  its  President  A  bust  of  Dr.  Oldham  was  obtained  by  its 
members  and  placed  in  the  Society's  rooms. 

He  received  the  Gk)ld  Medal  of  the  Boyal  Society  in  1875 :  the 
Emperor  of  Austria  also  presented  him  with  a  gold  medal  for  his 
eminent  geological  labours  in  India. 

He  was  an  honorary  or  corresponding  Member  of  the  Imperial 
Academy  and  of  the  "  Isis  "  Society  of  Dresden  ;  of  the  Imperial 
Society  of  Naturalists,  Moscow;  of  the  Royal  Geological  Society 
of  Cornwall ;  of  the  Geological  Society  of  Edinburgh ;  and  of  the 
Zoological  Society  of  London. 

He  was  the  discoverer  in  1849  of  Oldhamta  in  the  Cambrian  rocks 
of  the  Wicklow  Hills,  Ireland  (named  after  him  by  Prof.  Edward 
Forbes),  the  then  oldest  known  fossil  organic  remain. 

In  1850  he  married  Miss  L.  M.  Dixon,  daughter  of  William  Dixon, 
Esq.,  of  Liverpool,  by  whom  he  had  five  sons  and  one  daughter. 

Since  Dr.  Oldham's  retirement  from  the  post  of  Superintendent  of 
the  Geological  Survey  of  India,  he  has  resided  at  Eldon  Place, 
Bugby.  He  was  lately  appointed  Examiner  in  Geology  to  the 
University  of  London,  and  had  fulfilled  a  similar  office  to  the  Indian 
Civil  Service  College  at  Cooper's  Hill.  His  final  illness  was  of 
brief  duration,  his  last  hours  of  active  work  being  spent  in  reviewing 
Barrande's  Cephalopoda  of  Bohemia,  and  F.  V.  Hayden's  grand  Geo- 
logical and  Geographical  Atlas  of  Colorado,  both  of  which  will  be 
found  in  the  present  Number.  But  the  friendly  hand  that  penned 
them  did  not  live  to  correct  the  proofs.  Adopting  the  words  of  one 
of  bis  colleagues,  we  may  truly  say,  that,  "in  Dr.  Oldham's  death  we 
have  to  regret  the  loss  of  one  who  was  a  good  man,  a  faithful  friend, 
and  a  profound  observer  of  Nature." 
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L — ^NoTss  ON  SOME  Abotio  Silubian  OB  Devonian  (?)  Fossils  fbom 
Beechet  Island,  bbought  home  by  the  S.Y.  "Pandoea"  in 

1875,  AND  FBOM  POBT  DuNDAS,  LaNOASTEB  SoUND,  BT  AN  EABLIEB 

Expedition  in  1853.^ 

By  Hbnby  Woodward,  LL.D.,  F.R.S.,  F.CF.S., 
of  the  Britisli  Museum. 

(PLATE  X.) 

I  AH  indebted  to  my  friend,  Mr.  Thomas  Crowther  Brown,  of 
Farther  Barton,  Girenoester,  for  placing  in  my  hands  some  time 
nnoe  certain  Arctic  (Torals  (brought  home  in  1853  or  1854'),  for 
illiistration,  to  be  afterwards  deposited  in  the  (geological  Department 
of  the  British  Museum.  Some  time  previously  I  had  also  received 
a  imall  but  interesting  series  of  specimens  from  Beechey  Island, 
ooUeoted  by  Dr.  A.  Horner,  the  Medical  Officer  to  the  S.Y.  ''Pandora" 
(Captain  Sir  Allen  Young),  and  by  the  Artist  to  the  Expedition, 
0«  &  De  Wilde,  Esq. ;  these  latter  were  collected  in  August,  1875. 

I  ahonld  not  have  undertaken  to  notice  these  myself  but  for  the 
Taloable  aid  kindly  afforded  me  by  my  friend  Mr.  Robert  Etheridge, 
P.R.B.,  and  upon  going  into  the  Bibliography  of  these  Arctic  fossils, 
Tibimd  that  the  late  Mr.  J.  W.  Salter,  Prof.  Kaughton,  and  others, 
Iiad  already  noticed  the  greater  part  of  them,  and  there  is  con- 
■eaoently  little  or  no  need  to  do  more  than  follow  in  their  steps. 

In  Jane  the  (Geological  Department  of  the  British  Museum  was 
eDriched  by  the  collections  made  by  Captain  H.  W.  Fielden,  R.A., 
T.Q.8.,  and  Dr.  R.  W.  Coppinger,  R.N.,  of  H.  M.  S.  "  Alert "  and 
VDisoovery  "  (Captain  Sir  (ieorge  Nares),  and  described  by  Mr.  R. 
Btlieridge.* 

In  J^y  the  Museum  of  Practical  Geology  transferred  to  the 
British  Museum  a  series  of  specimens  collected  by  Admiral  Om- 
manneVy  R.N.,  Captain  Austin,  R.N.,  Dr.  Sutherland,  Captain  Penny, 
and  others  in  their  Voyages  to  Wellington  Channel  in  1850-51  (in 
MJaiich  of  Sir  John  Franklin),  and  described  by  Mr.  J.  W.  Salter, 
F.GiS.,  in  Sutherland's  Journal  (Appendix  to  vol.  ii.  Plates  v.  and 
L);  most  of  these  are  from  Cape  Riley  and  Beechey  Island.  There 
also  a  number  of  fossils  from  Dep6t  Point,  Albert  Land,  and 

*  Probably  by  some  of  the  officers  of  the  **  PhcGnix  "  (Captain  Inglefield),  which 
died  Beecney  Island  both  in  1S53  and  1854,  making  tWo  summer  trips,  oringing 

Irivek-with  her  on  the  second  royage  part  of  the  **  Belcher  Expedition." 

*  See  Mr.  Etheridge's  paper  in  Quart.  Joum.  GeoL  Soc.  1878,  toL  xxzit.  p.  568, 
plates  xxT.-xxix. 
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Exmouth  Island,  beeides  several  from  Beechej  lalaiid  brought  borne 
by  Captain  Sir  Edward  Belcher,  C.B.,  1852-54,  and  by  Captain 
Inglefield  (1853-54),  described  by  Mr.  Salter  in  the  Appendix  to 
*'  The  Last  of  the  Arctic  Voyages  "  by  Captain  Sir  £.  Betoher,  B.N. 
(London,  1855,  vol.  ii.  p.  877,  pi.  xxxvi.). 

Those  from  Albert  Land,  eta,  are  of  Carboniferons  age,  conaisting 
of  Corals,  Brachiopoda,  etc.,  ClinophyUum^  ZaphrentiBf  SyrtngoporOy 
Feveatella,  Spirtfer,  Producttu  2  sp.,  etc  Those  from  Gape  Biley 
and  Beechey  Island,  both  sides  of  Wellington  and  Queen's  Channd, 
Seal  and  Comwallis  Islands,  are  of  Silurian  age,  and  some  few  ars 
perhaps  Devonian. 

Writing  of  Beechey  Island,  Dr.  Sutherland  observes: — '^Geo- 
logical specimens  were  obtained  in  great  abundance.  Favotitei, 
Catenipora,  CyathophyUum,  PoriteB,  and  Fucoid  impressions  wers 
very  common  forms  of  organic  remains.  At  Cape  Biley,  and  also 
on  Beechey  Island,  FavoaiteB  gothlandiea  was  found  almost  every- 
where in  great  abundance,  but  especially  at  the  latter  place,  where 
it  occurs  in  «t(il." 

1.  Strephodes  f  Ausiini,  Salter.    PL  X.  Fig.  1. 

Appendix  to  Sutherland's  Journal  of  Captain  Penny's  Voyage  to  WeUinston 
Channel  in  1850-61.  London,  1862.  Geology  by  J.  W.  Salter,  p.  ocxxx.,  ]^.  6, 
figs.  6,  6a.  magnified. 

**  This  fine  ooral  (writes  Mr.  Salter),  which  we  dedicate  with  great 
pleasure  to  the  gallant  commander  of  the  Expedition,  is  one  of  the 
most  frequent  species.  It  occurs  in  the  form  of  rounded  masses 
from  an  inch  to  several  inches  in  diameter,  covered  on  all  sides  with 
stellate  cells — at  first  sight  looking  very  like  the  Asirea  of  the 
present  seas.  The  internal  structure,  however,  as  of  nearly  all  the 
corals  of  the  older  rocks,  is  quite  of  another  order.  .  .  .  Prof. 
M'Coy  prefers  to  regard  this  as  a  Cltstophyllum  rather  than  a 
Strephodes  from  the  internal  structure ;  it  is,  however,  so  imperfectly 
shown  in  the  sections  I  was  able  to  make,  and  the  twisting  of  the 
lamellsB  is  so  conspicuous,  that  I  leave  it  here  for  the  present" ' 

"Surface  covered  by  hexagonal  or  pentagonal  cells,  of  various 
sizes,  the  larger  ones  frequently  four  lines  across,  the  smaller  ones  in 
groups  of  two,  three  or  more,  at  the  angles  of  the  others.  The 
extreme  edges  of  the  cups  are  thin  and  crenulated,  their  sides 
thickened  and  sloping  steeply.  In  a  large  star  they  are  radiated  by 
about  30  or  40  equal  blunt  lamellsB,  which  extend  to  the  base,  and 
about  half  of  them  are  there  united  in  bundles  of  three  or  four,  and 
are  twisted  upon  the  surface  of  a  low  boss  which  rises  from  the 
centre.  The  lamellae  are  united  everywhere  by  frequent  vesicular 
plates.  A  transverse  section  below  the  cup  shows  narrow,  but 
distinct,  divisional  walls  between  the  cells,  and  the  lamellse  twisted 
in  the  middle  and  united  loosely  by  the  vesicular  tissue.  The 
intermediate  ones  in  the  section  appear  shorter  than  they  are  in  the 
cup.  A  longitudal  section  shows  the  vesicular  plates  arched  a  little 
upwards  in  the  middle  under  the  boss,  then  downwards,  and  again 

*  On  a  reconsideration  of  these  Palreozoic  Corals,  probably  it  may  he  found  possible 
to  bring  Strepfiode9  and  Lofudalia  near,  or  even  to  unite  them  together. 
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inclined  upwards  in  the  onter  area  in  two  or  tbree  rows  of  cells.  In 
these  sections  both  the  lamellee  and  the  transverse  plates  are  thin, 
and  the  former  are  wavy." 

Loealiites. — Comwallis,  Beechey  and  Griffith's  Islands. 

Our  specimen,  PL  X.  Fig.  1,  is  from  Beechey  Island,  and  was 
collected  and  brought  home  by  Dr.  A.  Homer,  of  the  S.  Y.  **  Pandora  " 
(Capt  Sir  Allen  Toung,  B.N.).  It  is  clearly  a  young  example,  the 
corallites  not  having  increased  by  calycial  gemmation  many  times,  so 
as  to  form  such  a  fine,  evenly-rounded  composite  mass  as  that  repre- 
sented in  Fig.  2. 

With  reference  to  the  fine  rounded  composite  Coral,  Plate  X.  Fig. 
2,  I  was  greatly  perplexed  for  some  time,  and  was  almost  inclined 
to  refer  it  to  the  genus  Acervularia ;  but  after  a  more  careful  exami- 
nation, and  by  comparing  it  with  numerous  other  specimens,  I  have 
been  led  to  the  conclusion  that  it  is  merely  a  Strephodes  AuBtiniy  in 
which  the  extremely  sharp  crenulated  edges  dividing  the  calices 
from  one  another,  which  in  young  and  unworn  specimens  (as  in 
Fig.  1)  stand  boldly  up  in  hexagonal  or  pentagonal  lines,  have  been 
removed  by  weathering  over  the  whole  upper  surface,  exposing 
thereby  fhe  lower  wall  of  the  calices  where  they  are  thickened  by 
the  septal  radii  and  strengthened  by  numerous  interseptal  dissepi- 
ments. The  sides  of  the  csdices  are  in  some  instances  worn  down  to 
a  level  with  the  columella,  giving  the  Coral  the  appearance  of  a  well- 
(aci{2-)developed  Acervularia  luxuricms  from  Dudley ;  but  this  is 
deceptive,  for  on  examining  the  margins  of  the  specimen,  the  divid- 
ing ridges  between  the  calices  are  seen  nearly  as  well  preserved  as  in 
Fig.  1,  changing  entirely  the  charact'Or  of  the  specimen.  Several 
similar  rounded  masses  are  in  Sutherland's  Collection  from  Beechey 
Island,  etc.  This  specimen  is  interesting  as  having  been  brought 
from  Port  Dundas,  which,  like  Cape  Biley,  is  on  the  South  Coast  of 
N.  Devon,  but  200  miles  to  the  Eastward,  on  the  N.  shore  of  Lancas- 
ter Sound,  Lat.  75°  N.  It  was  presented  to  the  British  Museum  by 
Thomas  Crowther  Brown,  Esq.  Probably  brought  home  by  one  of 
the  crew  of  the  "Phoenix''  (Capt.  Inglefield),  1853-54. 

2.  FavoBites  polymorpha,  Goldf.     PI.  X.  Fig.  3. 

GoldfiUB,  Petrefacta  GermaDisB,  t.  27,  fig.  2>4. 

FavotiUt  eervioomtt,  and  F,  dtiiuy  £dw.  Arch.  Mns.,  and  Edw.  and  Haime,  Brit. 
Fobs.  Corals,  t.  4S,  fig.  2. 

Appendix  to  Sutherland's  Journ.  (Geology),  by  J.  W.  Salter,  p.  ccxxviii.  pi.  6, 
figs.  9  and  9a.  magnified. 

Mr.  Salter  writes :  "  Well-preserred  specimens  are  frequent ;  and 
both  the  polymorphous  (fig.  9)  and  branched  varieties  are  found  at 
Griffith's  Island. 

''  The  tubes  are  by  no  means  of  equal  size, — numerous  small  ones 
occurring  between  the  others.  The  edges  are  somewhat  thickened. 
Internally  the  tubes  are  sometimes  cylindrical  and  smooth,  at  others 
more  prismatic.  They  are  sometimes  faintly  striated  inside.  The 
pores  occur  in  single  rows  at  wide  distances  apart.  The  transverse 
diaphragms  are  not  visible  in  these  specimens."  Mr.  Salter  alludes 
also  to  another  specimen  which  agrees  well  with  the  F.  crassa  of 
M'Coy. 
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Localtttea. — Griffith's  Island,  Cape  Hiley  and  Beechey  Island. 
Leo]>old'8  Island  (frequent). 

Fig.  3  was  obtained  by  Dr.  Homer  of  the  S.Y.  "Pandora"  from 
the  shore  of  Beechey  Island,  August  25,  1875. 

3.  Favoaitea  Oothlandiea,  Linn.  sp.     PL  X.  Fig.  4. 

Corallium  Gothlandiettntf  Linn.,  Calamqpora  Gothlandica^  Goldf.  Petref.  Germ, 
t.  26,  fig.  3,  and  C,  balthiea,  fig.  4. 

This  is  a  very  common  species,  having  been  brought  home  by  Dr. 
Homer  ("Pandora"),  and  also  by  Captains  Austin  of  the  **  Eesolute,'^ 
and  Ommanney  of  the  "Assistance,"  and  by  Captain  Penny.  Mr. 
Salter  finds  it  to  be  quite  identical  with  Goldfuss's  figure. 

"  On  the  same  specimens,"  he  writes,^  "  a  single  or  double  alter- 
nating row  of  pores  may  be  seen  on  each  face  and  the  distance 
between  the  transverse  partitions  (diaphragms)  varies  much ;  in  the 
same  tube  we  have,  within  a  very  short  distance,  5,  4,  3,  2,  and 
I^  diaphragms  in  the  space  of  one  diameter.  The  columns  also 
vary  much  in  size." 

Loedlitiea — Griffith's,  Comwallis,  Leopold  and  Beechey  Islands, 
very  widely  distributed. 

4.  CyathophyUum  f  Pickthomit,'^  Salter,  sp.    PI.  X.  Figs.  5  and  6. 

Strephodes  Fickthomiit  Salter,  Sutherland's  Journal,  toL  iL,  Appendix,  p.  ccxxx. 
plate  6,  fig.  6. 

In  MM.  Edward's  and  Haime's  Monograph  on  British  Fossil 
Corals,  p.  232,  the  authors  observe :  "  We  are  inclined  to  consider 
the  Strephodea  gracilta,  of  M*Coy,  as  belonging  to  the  genus  Cyatho- 
phyUum,** We  cannot  but  think  that  Strephodea  Pickthomii  should 
also  be  referred  to  that  genus.  From  a  large  number  of  specimens 
examined  by  us  in  the  Arctic  collections  already  mentioned,  it 
certainly  does  not  affect  the  mode  of  aggregate  or  composite  growth 
attributed  to  Strephodea ;  all  the  individuals  being  found  growiDg 
distinct  even  when  placed  closely  together  in  the  same  rock-mass. 

Mr.  Salter  describes  this  species  as  follows :  "  The  tube  is  short, 
conical,  and  longitudinally  striated ;  sometimes  annulated  and  rugose 
in  growth :  and  it  grows  rapidly  in  breadth, — in  the  length  of  an 
inch  and  a  half  attaining  an  inch  in  diameter.  The  cup  is  very 
deep,  its  sides  formed  of  about  56  narrow  lamellae  of  equal  size, 
connected  by  cross-bars,  which  are  the  edges  of  vesicular  plates. 
Half  of  these  lamellsB  stop  short  at  the  bottom  of  the  cup,  but  the 
rest  cross  a  shallow  depression,  and  are  then  twisted  a  little  into 
bundles,  and  united  on  the  crown  of  a  low  boss,  which  is  not  nearly 
elevated  enough  to  constitute  it  a  Cliaiophyllum.  At  first  sight  the 
coral  looks  like  a  Petraia,^  but  the  vesicular  plates  between  the 
numerous  lamellae  removes  it  from  this  genus." 

Localittea. — Cape  Riley  and  Beechey  Island,  Griffith's  and  Com- 
wallis Islands. 

Fig.  5  on  Plate  X.  was  obtained  by  G.  R.  De  Wilde,  Esq.  (of  the 
"  Pandora  "),  at  Beechey  Island,  in  1875,  and  is  now  in  the  British 

'  Appendix  to  Sutherland's  Journal,  p.  cexxviii. 

2  Named  after  Mr.  Pickthome,  surgeon  of  the  "  Pioneer." 

3  Some  of  the  specimens  marked  S.  Fiekthwrfiii  may  belong  to  a   species  of 
Pelraia  ;  they  are,  however,  too  much  weathered  to  be  safely  determined. 
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Museum.  Fig.  6  is  a  larger  but  much  weathered  specimen  from 
Port  Dundas,  N.  Devon,  lat  76°,  200  miles  to  the  East  of  Cape 
Biley.  This  specimen  was  presented  to  the  British  Museum  by 
Thomas  Crowther  Brown,  Esq.,  of  Cirencester. 

In  many  of  these  corals,  which  have  been  partially  silicified,  the 
limestone  has  frequently  been  dissolved  out,  leaving  cavities  in  the 
fossils. 

5.  Alveolites  f  arctiea,  sp^  n.,  H.  Woodw.    PI.  X.  Fig.  7. 

This  small  ramose  coral  occurs  in  considerable  abundance  in  the 
shaly  limestone  of  Beechey  Island;  but  few  specimens  have  the 
calices  preserved,  and  they  are  more  widely  separated  than  in 
Alveolites  f  seriatoporoides,  Edw.  &  H. 

The  specimen,  a  part  of  which  has  been  drawn  on  our  Plate 
(Fig.  7),  is  covered  on  both  surfaces  with  the  small  branching  stems 
of  this  Alveolite,  and  the  transverse  section  shows  the  interior  of  the 
rock  to  be  similarly  crowded. 

Stems,  mostly  cylindrical,  about  1  mm.  in  diameter,  pores  about  2 
in  every  mm.  Some  of  the  branches  have  annular  constrictions, 
giving  diem  in  places  a  slightly  moniliform  appearance ;  terminations 
of  branches  rounded.  The  tendency  to  ramify  is  not  greatly  deve- 
loped in  this  form, -although  many  of  the  stems  have  well-marked 
branches  exposed. 

These  specimens  (like  nearly  all  the  Arctic  fossils  I  have  seen) 
have  long  been  exposed  to  atmospheric  influence  in  the  cliffs,  and 
consequently  present  a  smoothed  appearance. 

Locality, — Beechey  Island,  brought  home  by  Dr.  A.  Horner  of  the 
S.Y.  "Pandora." 

6.  Atrypa  phoca,  Salter,  sp.     PI.  X.  Fig.  8  (young  state). 

Rhynehonella  pJioca^  Salter.  Appendix  to  Sutherland's  Journal,  1850-51. 
London,  1852,  Geology  by  J.  W.  Siuter,  p.  ccxxvi.  pi.  v.  figs.  1,  2,  3.  Variety  of 
T,  aubcamelina,  De  Vem.,  Greol.  Russ.,  yoI.  ii.  pi.  9,  fig.  4. 

Atrypa  phoea,  Salter,  sp.  Haughton,  Description  of  Fossils  accompaimng  Capt. 
Sir  Leopold  M'Clintock's  Reminiscences  of  Arctic  Ice-Trayel  in  Searcn  of  Sir  John 
Franklin,  Proc.  Roy.  Dublin  Soc.,  1856,  yoI.  i.  p.  240,  pi.  r.  figs.  3,  4,  7. 

Prof.  Haughton,  writing  on  this  species  (op,  cit,),  says : — "  This  is 
the  Bhynchonella  pJioca  of  Salter.  I  have  ventured  to  place  it  under 
the  genus  Atrypa,  as  I  cannot  find  any  trace  of  an  aperture  in  or 
under  the  beak."  I  insert  Mr.  Salter's  description,  altering  only  the 
genus : — 

"  Description, — Bounded,  globose,  valves  longer  than  broad,  their 
greatest  breadth  at  about  the  middle  of  the  shell,  thence  becoming 
rapidly  narrower  towards  the  front,  which  is  somewhat  truncated. 
Valves  equally  convex  in  middle  age ;  in  old  specimens  the  smaller 
one  rather  gibbous  near  the  beak,  but  not  raised  into  a  ridge.  Beak 
small  but  prominent,  incurved  in  full-grown  specimens.  Front  not 
at  all  raised,  but  indented  by  a  broad,  shallow  sinus.  The  large 
valve  has  a  distinct  narrow  median  sulcus  in  the  depression.  Surface 
concentrically  striated,  often  interrupted  by  lines  of  growth. 

*'  £xcept  for  the  imperforate  beak,  this  might  be  taken  for  an  Oolitic 
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Terebrakda.  It  is  bo  like  the  general  shape  of  the  speciee  above 
quoted,  that  I  can  hardly  think  it  distinct ;  however,  the  narrow 
distinct  sinas  that  runs  down  the  laiger  valve  appears  constantly  to 
distinguish  it  from  T,  eamdina.  M.  de  Yemeuil,  who  has  seen  our 
specimens,  pronounces  the  species  distinct  T.  prtmum,  of  Dalman, 
from  Gothland,  is  nearly  allied,  but  still  quite  another  species." 

Localities. — Cape  Hiley,  abundant  Comwallis,  Leopold,  Griffith's 
and  Seal  Islands.  This  species  is  also  most  abundant  on  Beechey 
Island. 

Our  figures  on  Plate  X.  are  of  immature  specimens  broken  out  of 
a  mass  of  young  Atrypa  phoca,  from  Beechey  Island,  brought  home 
by  Dr.  A.  Homer  of  the  "Pandora"  (1876).  We  have  since  seen 
and  compared  these  with  the  laige  series  in  the  Sutherland  CSoUection, 
Captain  Penny,  etc.,  and  are  satisfied  from  their  gradations,  that  they 
are  all  referable  to  the  same  species.  Mr.  Salter's  and  Prof. 
Haughton*s  figures  are  of  adult  and  aged  specimens.  We  have 
slabs  from  Beechey  Island  entirely  made  up  of  specimens  of  this 
Brachiopod  of  all  ages. 

EXPLANATION    OF    PLATE   X. 
Fio.  1.  Str^phodes  (Lontdalia  t)  Auttini,  Salter, U.  Sihiriui  or  Deronian  f  Beecher 
Island,  Lat.  74**  40'  N.,  Long.  92"  W. 

2.  TJ.  Silurian  or  Devonian  ?  Port  Dundas,  Lancaster  Sound. 

3.  Favoiitet  polymorphay  Goldf.    U.  Silurian,  Beechey  Island. 

4.  Gothlandiea^  Linn.  sp.    XT.  Silurian,  Beechey  Island. 

5.  Oyathophyllwm  Pickthormiy  Salter.    XT.  Silurian,  Beechey  Island. 

6.  Salter.    U.  Silurian,  Port  Dundas. 

7.  AlveoHtet  arctica^  H.  Woodw.     U.  Sikrian,  Beechey  Island. 

8.  Atrypa  phoea^  Salter  sp.  (young  state).    XT.  Silurian,  Beechey  Island, 
a.  front  view,  b,  dorsal  view,  c,  side  view. 
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II. — Cataclysmic  Thbobies  of  QkoiiOGioal  Climate.* 

By  Jambs  Cbx>ll,  LL.D.,  F.R.S., 

of  the   Geological   Survey  of  Scotland. 

THE  most  important  geol(^cal  problora,  and  the  one  of  all  others 
which  at  present  exoites  the  greatest  attention,  is  the  cause  of 
those  extraordinary  changes  of  climate  which  have  taken  place 
during  past  ages.  How  are  we  to  account  for  the  cold  and  Arctic 
condition  of  things  which  prevailed  in  temperate  regions  during 
what  is  called  the  Glacial  Epoch,  or  for  the  warm  and  temperate 
climate  enjoyed  by  the  Arctic  regions,  probably  up  to  the  Pole, 
during  part  of  the  Miocene  and  other  periods?  llieories  of  the 
cause  of  those  changes,  of  the  most  divei*se  and  opposite  character, 
have  been  keenly  advocated,  and  one  important  result  of  the  dis- 
cussions which  have  recently  taken  place  is  tke  narrowing  of  the 
field  of  inquiry  and  the  bringing  of  the  question  within  proper 
limits. 

At  one  time  Lyell's  theory  of  the  relative  distribution  of  land 
and  water  was  generally  regarded  by  geologists  as  sufficient.  It  is, 
however,  now  generally  admitted  to  be  wholly  insufficient  to  ex- 
plain the  now-known  facts,  and  the  conviction  is  becoming  almost 

>  Bead  hefore  the  Geological  Society  of  London,  May  8th,  1878. 
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universal  that  we  must  refer  the  climatio  changes  in  question  to  some 
coemical  oaose. 

The  theory  of  a  change  in  the  obliquity  of  the  ecliptic  has  been 
appealed  to.  This  theory  for  a  time  met  with  a  favourable  reception, 
but,  as  might  have  been  expected,  it  was  soon  abandoned.  The  re- 
searches of  Mr.  Stock  well  of  America,  and  of  Mr.  Geoige  Darwin  and 
others  in  this  country,  have  put  it  beyond  doubt  that  no  probable 
amount  of  geographical  revolution  could  ever  have  altered  the  obli* 
quity  to  any  sensible  extent  beyond  its  present  narrow  limits.  It  has 
been  demonstrated  for  example,  by  Mr.  George  Darwin,  that  supposing 
the  whole  equatorial  regions  up  to  lat  4^  N.  and  &  were  sea,  and 
the  water  to  the  depth  of  2000  feet  were  placed  on  the  Polar  regions 
in  the  form  of  ice — and  this  is  the  most  favourable  redistribution  of 
weight  possible  for  producing  a  change  of  obliquity — ^it  would  not 
shift  the  Arctic  circle  by  so  much  as  cui  inch  I 

Variations  in  the  obliqaity  of  the  ecliptic  having  been  given  up  as 
hopeless,  geologists  and  physicists  are  now  inquiring  whether  the 
true  cause  may  not  be  found  in  a  change  in  the  position  of  the  earth's 
axis  of  rotation.  Fortunately  this  question  has  been  taken  up  by 
several  able  mathematicians,  amonrwhom  are  Sir  William  Thomson,^ 
Professor  Haughton,'  Mr.  Oeoige  Darwin,'  the  Bev.  J.  F.  Twisden,* 
and' others;  and  the  result  arrived  at  ought  to  convince  every 
geologist  how  hopeless  it  is  to  expect  aid  in  <£is  direction. 

Mr.  Greorge  Darwin  has  demonstrated  that  in  order  to  displace 
the  pole  merely  1°  46'  from  its  present  position,  iV  of  the  entire 
surface  of  the  globe  would  require  to  be  elevated  to  a  height  of  10,000 
feet,  with  a  corresponding  subsidence  in  another  quadrant  There 
probably  never  was  an  upheaval  of  such  magnitude  in  the  history  of 
our  earth.  And  to  produce  a  deflection  of  8^  17  (a  deflection  which 
would  hardly  sensibly  affect  climate)  no  less  than  -^  of  the  entire 
surface  would  require  to  be  elevated  to  that  height  A  continent  ten 
times  the  size  of  Europe  elevated  two  miles  would  do  little  more 
than  bring  London  to  the  latitude  of  Edinbuigh,  or  Edinburgh  to 
the  latitude  of  London.  He  must  be  a  sanguine  geologist  indeed 
who  can  expect  to  account  for  the  glaciation  of  this  country,  or  for 
the  former  absence  of  ice  around  the  poles,  by  this  means.  We  know 
perfectly  well  that  since  the  Qlacial  Epoch  there  have  been  no  changes 
in  the  physical  geography  of  the  earth,  sufficient  to  deflect  the  pole 
half-a-dozen  miles,  far  less  half-a-dozen  degrees.  It  does  not  help 
the  matter  much  to  assume  a  distortion  of  the  whole  solid  mass 
of  the  globe.  This,  it  is  true,  would  give  a  few  d^rees  additional 
deflection  of  the  Pole ;  but  that  such  a  distortion  actually  took  place 
is  more  opposed  to  geology  and  physics  than  even  the  elevation  of  a 
continent  ten  times  the  size  of  Europe  to  a  height  of  two  miles. 

Mr.  Twisden,  in  his  valuable  memoir  referred  to,  has  shown  even 
more  convincingly  how  impossible  it  is  to  account  for  the  great 

^  British  Association  Beport,  1876  (part  2),  p.  11. 
'  Proceedings  of  Royal  Society,  toI.  xxri.  p.  51. 

*  Transactions  of  Royal  Socie^,  toL  167  (part  1). 

*  Quart.  Joom.  GeoL  Soo.  FeDruary,  1878. 
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ohanges  of  geological  climate  on  the  hypothesis  of  a  change  in  the 
axis  of  rotation.  This  conclusion  has  been  further  borne  out  by 
another  mathematician,  the  Rev.  E.  Hill,  in.  an  article  in  the  Jane 
Number  of  the  Oeologioal  Magazine.  And  Professor  Hanghton, 
in  a  paper  read  before  the  Boyal  Society,  April  4:th,  and  published  in 
Nature,  Jnly  4th,  entitled,  **  A  G^logical  Proof  that  the  Changes 
of  Climate  in  Past  Times  were  not  due  to  Changes  in  the  Position  of 
the  Pole,"  has  proved  from  geological  evidence  that  the  Pole  has 
never  shifted  its  position  to  any  great  extent.  "  If  we  examine,"  he 
says,  "  the  localities  of  the  fossil  remains  of  the  Arctic  regions,  and 
consider  carefully  their  relations  to  the  position  of  the  present  Nordi 
Pole,  we  find  that  we  can  demonstrate  that  the  Pole  has  not  sensibly 
changed  its  place  during  geological  periods,  and  that  the  hypothesis 
of  a  shifting  pole  (even  if  permitted  by  mechanical  considerations) 
is  inadmissible  to  account  for  changes  in  geological  climates." 

There  is  no  geological  evidence  to  show  that,  at  least  since  Silurian 
times,  the  Atlantic  and  Pacific  were  ever  in  their  broad  features 
otherwise  than  they  are  now — ^two  immense  oceans  separated  by 
the  Eastern  and  Western  continents — and  there  is  not  £tie  shadow 
of  a  reason  to  conclude  that  the  poles  have  ever  shifted  much  from 
their  present  position.  On  this  point  I  cannot  do  better  than  quote 
the  opinion  recently  expressed  by  Sir  William  Thomson : 

''As  to  changes  of  the  earth's  axis,  I  need  not  repeat  the  statement 
of  dynamical  principles  which  I  gave  with  experimental  illustrations 
to  the  Society  three  years  ago ;  but  may  remind  you  of  the  chief 
result,  which  is  that,  for  steady  rotation,  the  axis  round  which  the 
earth  revolves  must  be  a  *  principal  axis  of  inertia,'  that  is  to  say, 
such  an  axis  that  the  centrifugal  forces  called  into  play  by  the 
rotation  balance  one  another.  The  vast  transpositions  of  matter  at 
the  earth's  surface,  or  else  distortions  of  the  whole  solid  mass,  which 
must  have  taken  place  to  alter  the  axis  sufficiently  to  produce  sensible 
changes  of  the  climate  in  any  region,  must  be  considered  and  shown 
to  be  possible  or  probable  before  any  hypothesis  accounting  for 
changes  of  climate  by  alterations  of  the  axis  can  be  admitted.  This 
question  has  been  exhaustively  dealt  with  by  Mr.  George  Darwin 
in  a  paper  recently  communicated  to  the  Boyal  Society  of  London, 
and  the  requisitions  of  dynamical  mathematics  for  an  alteration  of 
even  as  much  as  two  or  three  degrees  in  the  earth's  axis  in  what  may 
be  practically  called  geological  time  shown  to  be  on  purely  geological 
grounds  exceedingly  improbable.  But  even  suppose  such  a  change 
as  would  bring  ten  or  twenty  degrees  of  more  indulgent  sky  to  the 
American  Arctic  Archipelago;  it  would  bring  Nova  Zembla  and 
Siberia  by  so  much  nearer  to  the  pole :  and  it  seems  that  there  ia 
probably  as  much  need  of  accounting  for  a  warm  climate  on  one  side 
as  on  the  other  side  of  the  pole.*  There  is  in  fact  no  evidence  in 
geological  climate  throughout  those  partes  of  the  world  which  geo- 
logical investigation  has  reached,  to  give  any  indication  of  the  poles 
having  been  anywhere  but  where  they  are  at  any  period  of  geological 
time."  * 

ifl  has  been  proTed  to  be  the  case  by  Prof.  Haughton,  Nature^  July  4,  1878. 
of  Geol.  Soo.  of  Q\8A^'i7,Y(tV7i^,\%11. 
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In  the  memoir  from  which  the  preceding  paragraph  is  quoted,  Sir 
William  maintains  that  an  increase  in  the  amount  of  heat  conveyed 
by  ocean  currents  to  the  Arctic  regions,  combined  with  the  effect  of 
Clouds,  Wind,  and  Aqueous  Vapour,  is  perfectly  sufficient  to  account 
for  the  warm  and  temperate  condition  of  climate  which  is  known  to 
have  prevailed  in  those  regions  during  the  Miocene  and  other  periods. 

Now  this  is  the  very  point  for  which  I  have  been  contending  for 
upwards  of  a  dozen  years.  The  only  essential  difference  between 
Sir  William's  views  and  mine  is  simply  this :  he  accounts  for  an 
increalbe  in  the  flow  of  warm  water  to  the  Arctic  regions  by  a 
submergence  of  the  circumpolar  land,  whereas  I  attribute  it  to  certain 
agencies  brought  into  operation  by  an  increase  in  the  excentricity  of 
the  earth's  orbit.  Such  geological  evidence  as  we  possess  of  warm 
episodes  in  the  polar  regions  does  not  point  to  such  high  temperatures 
being  specially  due  to  submergence  of  the  polar  land.  For  taking  the 
Miocene  epoch  as  an  example,  all  the  way  from  Ireland  and  the 
Western  Isles,  by  the  Faroes,  Iceland,  Franz-Joseph  Land,  to  North 
Greenland,  the  Miocene  vegetation  and  the  denuded  fragmentary 
state  of  the  strata  point  to  a  much  wider  distribution  of  polar  land 
than  that  which  now  obtains  in  those  regions.  What  has  chiefly 
tended  to  retard  the  acceptance  of  the  theory  of  secular  changes  of 
climate  discussed  in  my  work  entitled  ''  Climate  and  Time,"  is  the 
fact  that  physicists  have  not  fully  realized  to  what  an  immense 
extent  the  climatic  condition  of  our  globe  is  dependent  upon  the 
distribution  of  heat  by  means  of  ocean  currents.  Were  it  not  for 
the  enormous  amount  of  heat  transferred  from  equatorial  to  temperate 
and  polar  regions  by  means  of  ocean  currents,  the  globe  would 
scarcely  be  habitable  by  the  present  orders  of  sentient  beings.  When 
this  fact  becomes  fully  recognized,  all  difficulties  felt  in  accounting 
for  geological  climate  will  soon  disappear.  The  climatic  influence 
of  ocean  currents  has  not  been  sufficiently  considered,  owing  doubt- 
less to  the  fact  that  before  I  attempted  to  compute  the  absolute 
amount  of  heat  conveyed  by  the  Gulf  Stream,  so  as  to  compare  it 
with  the  amount  directly  received  by  the  Atlantic  from  the  sun,  no 
one  had  ever  imagined  that  that  ocean  in  temperate  and  Arctic 
regions  was  dependent  to  such  an  extent  on  heat  brought  from  the 
Equator.^  And  this  being  so,  it  was  impossible  for  any  one  fully  to 
realize  to  what  an  extent  climate  must  necessarily  be  affected  by  an 
increase  or  a  decrease  of  that  stream. 

Sir  William  Thomson  speaks  of  his  theory  being  that  of  Lyell ; 
but  beyond  the  mere  assumption  of  the  submergence  of  the  cii-cum- 
polar  land  the  two  theories  have  little  in  common.  Indeed,  no  one 
who  believes  (as  Sir  W^illiam  does)  that  the  former  warm  climatic 
condition  of  the  polar  area  was  mainly  due  to  a  transference  of  heat 
from  equatorial  to  Arctic  regions  by  means  of  ocean  currents  can 
logically  adopt  Lyell's  theory.  According  to  that  eminent  geologist, 
the  temperature  of  the  Arctic  regions  was  raised  by  the  removal  of 
the  continents  from  polar  and  temperate  regions  to  a  position  along 

^  Capt.  Maary,  of  the  U.S.  Navy,  was  the  first  to  call  attention  to  the  influence  of 
the  Gmf  Staream  on  climate.  Physical  Geography  of  the  Sea,  8th  edition^  1860^ 
p.  23. — Edit.  Gbol.  Mao. 
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the  equator.  But  if  the  equatorial  legionB  were  oooapied  by  land 
instead  of  water,  the  poanbility  of  oonveying  heat  to  temperate  and 
arctic  regions  bj  means  of  ooean  currents  was  oompletely  cat  off 
In  fact,  one  of  the  most  effectual  ways  of  lowering  the  mean  tempera- 
ture of  the  globe  would  be  to  group  the  continents  along  the  equator. 

The  surface  of  the  ground  at  the  equator  beoomes  intensely  heated 
by  the  solar  rays,  and  this  heat  is  radiated  into  space  much  more 
rapidly  than  it  would  from  a  surfiBU)e  of  water  warmed  undcir  the 
same  conditions.  Again,  the  air  in  contact  with  the  hot  ground 
becomes  more  speedily  heated  than  it  would  if  it  were  in  contact 
with  water,  and  consequently  the  ascending  current  of  air  over  the 
equatorial  lands  carries  off  a  greater  amount  of  heat  than  it  could 
have  done  from  a  water-surface.  Now,  were  the  heat  thus  carried 
off  to  be  transferred  by  means  of  the  upper  currents  to  high  latitudes, 
and  there  employed  in  heating  the  earth,  then  it  might  to  a  consider^ 
able  degree  compensate  for  the  absence  of  warm  ocean  currents.  In 
such  a  case  land  at  the  equator  might  be  nearly  as  well  adapted  as 
water  for  raising  the  temperature  of  the  whole  earth.  We  know 
very  well,  however,  that  the  heat  carried  up  by  the  ascending 
current  at  the  equator  performs  little  work  of  this  kind,  but  on  the 
contrary  is  almost  wholly  dissipated  into  tlie  cold  stellar  space  above. 
Thus  instead  of  warming  the  globe,  this  ascending  current  is  in 
reality  a  most  effectual  means  of  getting  rid  of  the  heat  received 
from  the  snn,  and  thereby  reducing  the  temperature.  Since  then  the 
earth  loses  as  well  as  gains  the  greater  part  of  her  heat  in  equatorial 
regions ;  it  is  there  that  the  substance  best  adapted  for  preventing 
the  dissipation  of  that  heat  must  be  distributed  in  order  to  raise 
the  general  temperature.  Now,  of  all  substances  in  nature  water 
seems  to  possess  this  quality  in  the  highest  degree ;  and  being  a 
fluid  it  is  adapted  by  means  of  currents  to  carry  the  heat  which  it 
receives  to  every  region  of  the  globe. 

It  has  been  urged  as  an  objection  to  any  ocean-current  theory  that 
while  it  provides  the  requisite  amount  of  heat,  it  fails  to  remove  the 
three  or  four  months'  darkness  of  an  Arctic  winter,  which  must  have 
proved  fatal  to  plants  of  the  Miocene  period.  This  objection  seems, 
however,  to  have  no  foundation  in  fact  Sir  Joseph  Hooker  stated 
to  the  Eoyal  Society  at  the  close  of  the  reading  of  Mr.  George 
Darwin's  paper  that  palms  and  other  plants  brought  from  the  tropics 
survived  the  winter  in  St  Petersburg  without  damage,  though 
matted  down  in  absolute  darkness  for  more  than  six  montba.  And 
he  was  of  opinion  that  the  want  of  sunlight  during  the  Arctic  winter 
would  not  be  veiy  prejudicial  to  the  plants. 

But  a  cause  must  be  found  as  well  for  the  cold  of  the  Glacial  Epoch 
as  for  the  warm  climate  of  the  Arctic  regions  that  obtained  in  Miocene 
times.  According  to  Lyell  the  continents  would  require  to  be 
moved  to  high  temperate  and  polar  regions  to  bring  about  a 
glacial  condition  of  things  in  Britain.  But  this  is  an  assumption 
which  the  present  state  of  geological  science  will  hardly  admit  It 
is  perfectly  certain  that  there  have  been  no  such  vast  revolutions 

physical  geography  in  post-Tertiary  times. 
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According  to  others,  elevation  of  the  land  in  the  regions  glaciated 
is  assigned  as  the  cause  of  that  glaciation,  and  if  the  ice  had  been 
merely  local,  such  an  explanation  might  have  sufficed.  But  we  know 
the  whole  Northern  Hemisphere  down  to  tolerably  low  latitudes  has 
been  subjected  in  post-Tertiary  times  to  the  rigour  of  an  Arctic  climate ; 
80  that  according  to  this  theory  we  must  assume  an  upheayal  of  the 
entire  hemisphere — an  assumption  too  monstrous  to  be  admitted  and 
as  useless  as  absurd. 

Tendency  in  Oeology  to ,  Cataclysmic  Theories. — ^There  has  always 
been  in  Oeology  a  tendency  to  cataclysmic  theories  of  causation ;  a 
proneness  to  attribute  the  grand  changes  experienced  by  the  earth's 
orust  to  extraordinary  causes.  Otologists  have  only  slowly  become 
convinced  that  those  changes  were  the  effects  of  the  ordinary  agencies 
in  daily  operation  around  us.  For  example,  hills  were  formerly 
suppHosed  to  be  due  to  sudden  eruptions  and  imheavals ;  valleys  to 
subsidences,  and  deep  river  gorges  to  violent  di»ocations  of  the  earth. 
All  this  is  now  changed,  and  geologists  in  general  have  become  con- 
vinced that  the  main  features  of  the  earth's  surface  owe  their  exist- 
ence to  the  silent,  gentle,  and  continuous  working  of  such  influences 
as  rain  and  rivers,  heat  and  cold,  frost  and  snow. 

It  is  not  difficult  to  understand  why  a  belief  in  cataclysms  should 
BO  long  have  prevailed,  and  geologists  should  have  been  so  prone  to 
assume  the  existence  of  extraordinary  causes  acting  with  great  force. 
G^logical  phenomena  come  directly  under  the  eye  in  all  their 
magnitude,  and  consequently  produce  a  powerful  impression  on  the 
mind.  The  quiet  and  gentle  operations  of  nature's  ordinary  agencies 
appear  utterly  inadequate  to  p]x>duce  results  so  stupendous ;  and  one 
naturally  refers  effects  so  striking  to  extraordinary  causes.  Beholding 
in  a  moment  the  effect,  we  forget  that  the  cause  has  been  in  operation 
for  countless  ages. 

We  look  for  example  at  a  gorge,  perhaps  a  thousand  feet  in  depth, 
with  a  small  streamlet  running  along  its  bottom.  Our  first  im- 
pression is  that  this  enormous  chasm  has  been  formed  by  some 
earthquake  or  other  convulsion  of  nature  rending  the  rocks  asunder. 
And  it  is  only  when  we  examine  the  chasm  more  minutely,  and  find 
that  it  has  been  actually  excavated  out  of  the  solid  rock,  that  we 
begin  to  see  that  the  work  has  been  done  by  running  water.  At 
first,  however,  we  do  not  imagine  that  such  a  chasm  can  have  been 
made  by  the  streamlet  in  its  present  puny  form.  We  conclude  that 
in  former  ages  a  great  river  ran  down  the  channel.  We  fail  to  give 
the  element  of  time  due  influence  in  our  speculations.  We  overlook 
the  fact  that  the  streamlet  has  been  deepening  its  bed  for  perhaps 
millions  of  years.  Why,  London  itself  might  have  been  built  by 
one  man  had  he  been  at  work  during  all  the  time  that  the  streamlet 
was  cutting  out  its  gorge  I  When  such  considerations  cross  the 
mind,  every  difficulty  vanishes,  and  we  feel  satisfled  that  all  the 
work  has  been  performed  by  the  streamlet 

The  very  same  may  be  said  in  regard  to  the  origin  of  hills,  valleys, 
and  other  features  of  the  earth's  surface.  Yet  how  difficult  it  is  still 
to  convince  some  geologists  that  our  mountains  have  been  formed^ 
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Ezmouth  Island,  besides  several  from  Beechey  Island  brought  home 
by  Captain  Sir  Edward  Belcher,  G.B.,  1852-54,  and  by  Captain 
Inglefield  (1853-54),  described  by  Mr.  Salter  in  the  Appendix  to 
"  The  Last  of  the  Arctic  Voyages  "  by  Captain  Su:  E.  Belcher,  RN. 
(London,  1855,  vol.  ii.  p.  877,  pi.  xxxvi.). 

Those  from  Albert  Land,  etc.,  are  of  Carboniferous  age,  consisting 
of  Corals,  Brachiopoda,  etc.,  Clisiophyllum,  Zaphrentis,  Syringoporay 
Fevestellay  Spiri/er,  Producius  2  sp.,  etc  Those  from  Cape  Biley 
and  Beechey  Island,  both  sides  of  Wellington  and  Queen's  Channel, 
Seal  and  Comwallis  Islands,  are  of  Silurian  age,  and  some  few  are 
perhaps  Devonian. 

Writing  of  Beechey  Island,  Dr.  Sutherland  observes: — "Geo- 
logical specimens  were  obtained  in  great  abundance.  FavatiieSf 
Catenipora,  Oyathaphyllum,  Porites,  and  Fucoid  impressions  were 
very  common  forms  of  organic  remains.  At  Cape  Biley,  and  also 
on  Beechey  Island,  Favositea  gothlandica  was  found  almost  every- 
where in  great  abundance,  but  especially  at  the  latter  place,  where 
it  occurs  tfi  attil." 

1.  Str^hodei  f  AwUni,  Salter.    PL  X.  Fig.  1. 

Appendix  to  Sutherland's  Journal  of  Captain  Penny's  Voyage  to  WclHnffton 
Cliannel  in  1S60-51.  London,  1852.  Geology  by  J.  W.  Salter,  p.  ccxxx.,  ^  6, 
figs.  6,  6a.  magnified. 

**  This  fine  coral  (writes  Mr.  Salter),  which  we  dedicate  with  great 
pleasure  to  the  gallant  commander  of  the  Expedition,  is  one  of  the 
most  frequent  species.  It  occurs  in  the  form  of  rounded  masses 
from  an  inch  to  several  inches  in  diameter,  covered  on  all  sides  with 
stellate  cells — at  first  sight  looking  very  like  the  Astrea-  of  the 
present  seas.  The  internal  structure,  however,  as  of  nearly  all  the 
corals  of  the  older  rocks,  is  quite  of  another  order.  .  .  .  Prof. 
M*Coy  prefers  to  regard  this  as  a  Cltatophyllum  rather  than  a 
Strephodes  from  the  internal  structure ;  it  is,  however,  so  imperfectly 
shown  in  the  sections  I  was  able  to  make,  and  the  twisting  of  the 
lamellsB  is  so  conspicuous,  that  I  leave  it  here  for  the  present." ' 

''Surface  covered  by  hexagonal  or  pentagonal  cells,  of  various 
sizes,  the  larger  ones  frequently  four  lines  across,  the  smaller  ones  in 
groups  of  two,  three  or  more,  at  the  angles  of  the  others.  The 
extreme  edges  of  the  cups  are  thin  and  crennlated,  their  sides 
thickened  and  sloping  steeply.  In  a  large  star  they  are  radiated  by 
about  30  or  40  equal  blunt  lamellsB,  which  extend  to  the  base,  and 
about  half  of  them  are  there  united  in  bundles  of  three  or  four,  and 
are  twisted  upon  the  surface  of  a  low  boss  which  rises  from  the 
centre.  The  lamellfB  are  united  everywhere  by  frequent  vesicular 
plates.  A  transverse  section  below  the  cup  shows  narrow,  but 
distinct,  divisional  walls  between  the  cells,  and  the  lamellsB  twisted 
in  the  middle  and  united  loosely  by  the  vesicular  tissue.  The 
intormediate  ones  in  the  section  appear  shorter  than  they  are  in  tiie 
cup.  A  longitudal  section  shows  the  vesicular  plates  arched  a  little 
upwards  in  the  middle  under  the  boss,  then  downwards,  and  again 

*  On  a  reconsideration  of  these  Paltcozoic  Corals,  probably  it  may  be  found  possible 
to  bring  StrephoaUi  and  Lomdalia  near,  or  even  to  unite  them  together. 
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inclined  upwards  in  the  outer  area  in  two  or  three  rows  of  cells.  In 
these  sections  both  the  lamellas  and  the  transverse  plates  are  thin, 
and  the  former  are  wavy." 

Localities. — Comwallis,  Beechej  and  Griffith's  Islands. 

Our  specimen,  PL  X.  Fig.  1,  is  from  Beechey  Island,  and  was 
collected  and  brought  home  by  Dr.  A.  Horner,  of  the  8.Y.  "  Pandora  " 
(Capt  Sir  Allen  Young,  B.N.).  It  is  clearly  a  young  example,  the 
corallites  not  having  increased  by  calycial  gemmation  many  times,  so 
as  to  form  such  a  fine,  evenly-rounded  composite  mass  as  that  repre- 
sented in  Fig.  2. 

With  reference  to  the  fine  rounded  composite  Coral,  Plate  X.  Fig. 
2,  I  was  greatly  perplexed  for  some  time,  and  was  almost  inclined 
to  refer  it  to  the  genus  Aeervularia ;  but  after  a  more  careful  exami- 
nation, and  by  comparing  it  with  numerous  other  specimens,  I  have 
been  led  to  the  conclusion  that  it  is  merely  a  Strephodes  Austini,  in 
which  the  extremely  sharp  crenulated  edges  dividing  the  calices 
from  one  another,  which  in  youug  and  unworn  specimens  (as  in 
Fig.  1)  stand  boldly  up  in  hexagonal  or  pentagonal  lines,  have  been 
removed  by  weathering  over  the  whole  upper  surface,  exposing 
thereby  fhe  lower  wall  of  the  calices  where  they  are  thickened  by 
the  septal  radii  and  strengthened  by  numerous  interseptal  dissepi- 
ments. The  sides  of  the  c^ices  are  in  some  instances  worn  down  to 
a  level  with  the  columella,  giving  the  Coral  the  appearance  of  a  well- 
(acu2-) developed  Aeervtdaria  Ittxurians  from  Dudley ;  but  this  is 
deceptive,  for  on  examining  the  margins  of  the  specimen,  the  divid- 
ing ridges  between  the  calices  are  seen  nearly  as  well  preserved  as  in 
Fig.  1,  changing  entirely  the  character  of  the  specimen.  Several 
similar  rounded  masses  are  in  Sutherland's  Collection  from  Beechey 
Island,  etc.  This  specimen  is  interesting  as  having  been  brought 
from  Port  Dundas,  which,  like  Cape  Biley,  is  on  the  South  Coast  of 
N.  Devon,  but  200  miles  to  the  Eastward,  on  the  N.  shore  of  Lancas- 
ter Sound,  Lat.  75°  N.  It  was  presented  to  the  British  Museum  by 
Thomas  Crowther  Brown,  Esq.  Probably  brought  home  by  one  of 
the  crew  of  the  "Phoenix"  (Capt  Inglefield),  1853-54. 

2.  Favosites  pdymorpha,  Goldf.     PL  X.  Fig.  3. 

OoldfiiBS,  Petrefacta  Grermaoiffi,  t.  27,  fig.  2-4. 

FavoiitM  eervieomia,  and  F,  dubia^  £dw.  Arch.  Mns.,  and  Edw.  and  Haime,  Brit. 
Fobs.  CoralB,  t.  48,  fig.  2. 

Appendix  to  Sutherland's  Joum.  (Geology),  by  J.  W.  Salter,  p.  ccxxviii.  pi.  6, 
figs.  9  and  9a.  magnified. 

Mr.  Salter  writes :  **  Well-preserved  specimens  are  frequent ;  and 
both  the  polymorphous  (fig.  9)  and  branched  varieties  are  found  at 
Orifiath's  Island. 

''  The  tubes  are  by  no  means  of  equal  size, — numerous  small  ones 
occurring  between  the  others.  The  edges  are  somewhat  thickened. 
Internally  the  tubes  are  sometimes  cyliudrical  and  smooth,  at  others 
more  prismatic.  They  are  sometimes  faintly  striated  inside.  The 
pores  occur  in  single  rows  at  wide  distances  apart  The  transverse 
diaphragms  are  not  visible  in  these  specimens."  Mr.  Salter  alludes 
also  to  another  specimen  which  agrees  well  with  the  F.  crasaa  of 
M'Coy. 
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Exmonth  Island,  besides  several  from  Beechey  Island  brought  home 
by  Captain  Sir  Edward  Belcher,  G.B.,  1852-54,  and  by  Captain 
Inglefield  (1853-54),  described  by  Mr.  Salter  in  the  Appendix  to 
"  The  Last  of  the  Arctic  Voyages  "  by  Captain  Sir  E.  Belcher,  R.N. 
(London,  1855,  vol.  ii.  p.  877,  pi.  xxxvi.). 

Those  from  Albert  Land,  etc.,  are  of  Carboniferons  age,  oonsistiDg 
of  Corals,  Brachiopoda,  etc.,  Cltstophyllum,  Zaphrentis,  Syringapora, 
Fenestella,  Spirifer,  Froducius  2  sp.,  etc.  Those  from  Cape  Biley 
and  Beechey  Island,  both  sides  of  Wellington  and  Queen's  Channel, 
Seal  and  Comwallis  Islands,  are  of  Silurian  age,  and  some  few  are 
perhaps  Devonian. 

Writing  of  Beeohey  Island,  Dr.  Sutherland  observes: — "Geo- 
logical specimens  were  obtained  in  great  abimdanoe.  Favontety 
Catenipora,  Oyathaphyllum,  ForiteB,  and  Fncoid  impressions  were 
very  common  forms  of  organic  remains.  At  Cape  Biley,  and  also 
on  Beechey  Island,  Favo$ite$  gothlandica  was  found  almost  every- 
where in  great  abundance,  but  especially  at  the  latter  place,  where 
it  occurs  tfi  $M" 

1.  Str^hodei  f  Awtini,  Salter.    PL  X.  Fig.  1. 

Appendix  to  Sutherland's  Joomal  of  Captain  Penny's  Voyage  to  Wellinfftoii 
Channel  in  1S60-51.  London,  1852.  Geology  by  J.  W.  Salter,  p.  ccxxx.,  pi.  6, 
figs.  6,  6a.  magnified. 

''  This  fine  coral  (writes  Mr.  Salter),  which  we  dedicate  with  great 
pleasure  to  the  gallant  commander  of  the  Expedition,  is  one  of  the 
most  frequent  species.  It  occurs  in  the  form  of  rounded  masses 
from  an  inch  to  several  inches  in  diameter,  covered  on  all  sides  with 
stellate  cells — at  first  sight  looking  very  like  the  Astrea  of  tlie 
present  seas.  The  internal  structure,  however,  as  of  nearly  all  the 
corals  of  the  older  rocks,  is  quite  of  another  order.  .  .  .  Prof. 
M*Coy  prefers  to  regard  this  as  a  Clisiophyllum  rather  than  a 
Strephodes  from  the  internal  structure ;  it  is,  however,  so  imperfectly 
shown  in  the  sections  I  was  able  to  make,  and  the  twisting  of  the 
lamellsB  is  so  conspicuous,  that  I  leave  it  here  for  the  present."  ' 

"Surface  covered  by  hexagonal  or  pentagonal  cells,  of  various 
sizes,  the  larger  ones  frequently  four  lines  across,  the  smaller  ones  in 
groups  of  two,  three  or  more,  at  the  angles  of  the  others.  The 
extreme  edges  of  the  cups  are  thin  and  crenulated,  their  sides 
thickened  and  sloping  steeply.  In  a  large  star  they  are  radiated  by 
about  30  or  40  equal  blunt  lamellae,  which  extend  to  the  base,  and 
about  half  of  them  are  there  united  in  bundles  of  three  or  four,  and 
are  twisted  upon  the  surface  of  a  low  boss  which  rises  from  the 
centre.  The  lamellie  are  united  everywhere  by  frequent  vesicular 
plates.  A  transverse  section  below  the  cup  shows  narrow,  but 
distinct,  divisional  walls  between  the  cells,  and  the  lamellsa  twisted 
in  the  middle  and  united  loosely  by  the  vesicular  tissue.  The 
intermediate  ones  in  the  section  appear  shorter  than  they  are  in  the 
cup.  A  longitudal  section  shows  the  vesicular  plates  arched  a  little 
upwards  in  the  middle  under  the  boss,  then  downwards,  and  again 

*  On  a  reconsideration  of  these  Palaeozoic  Corals,  probably  it  may  be  found  possible 
to  bring  Strephodes  and  Lonsdalia  near,  or  even  to  unite  them  together. 
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inclined  upwards  in  the  outer  area  in  two  or  three  rows  of  cells.  In 
these  sections  both  the  lamellas  and  the  transverse  plates  are  thin, 
and  the  former  are  wavy." 

Localities, — Comwallis,  Beechey  and  Griffith's  Islands. 

Our  specimen,  PL  X.  Fig.  1,  is  from  Beechey  Island,  and  was 
collected  and  brought  home  by  Dr.  A.  Homer,  of  the  S.  Y.  "  Pandora  " 
(Capt  Sir  Allen  Young,  B.N.).  It  is  clearly  a  young  example,  the 
corallites  not  having  increased  by  calycial  gemmation  many  times,  so 
as  to  form  such  a  fine,  evenly-rounded  composite  mass  as  that  repre- 
sented in  Fig.  2. 

With  reference  to  the  fine  rounded  composite  Coral,  Plate  X.  Fig. 
2,  1  was  greatly  perplexed  for  some  time,  and  was  almost  inclined 
to  refer  it  to  the  genus  Acervtdaria ;  but  after  a  more  careful  exami- 
nation, and  by  comparing  it  with  numerous  other  specimens,  I  have 
been  led  to  the  conclusion  that  it  is  merely  a  Strephodes  Austini,  in 
which  the  extremely  sharp  crenulated  edges  dividing  the  calices 
from  one  another,  which  in  young  and  unworn  specimens  (as  in 
Fig.  1)  stand  boldly  up  in  hexagonal  or  pentagonal  lines,  have  been 
removed  by  weathering  over  the  whole  upper  surface,  exposing 
thereby  fhe  lower  wall  of  the  calices  where  they  are  thickened  by 
the  septal  radii  and  strengthened  by  numerous  interseptal  dissepi- 
ments. The  sides  of  the  calices  are  in  some  instances  worn  down  to 
a  level  with  the  columella,  giving  the  Coral  the  appearance  of  a  well- 
(act(2-) developed  Aeervtdaria  luxurians  from  Dudley ;  but  this  is 
deceptive,  for  on  examining  the  margins  of  the  specimen,  the  divid- 
ing ridges  between  the  calices  are  seen  nearly  as  well  preserved  as  in 
Fig.  1,  changing  entirely  the  character  of  the  specimen.  Several 
similar  rounded  masses  are  in  Sutherland's  Collection  from  Beechey 
Island,  etc.  This  specimen  is  interesting  as  having  been  brought 
from  Port  Dundas,  which,  like  Cape  Biley,  is  on  the  South  Coast  of 
N.  Devon,  but  200  miles  to  the  Eastward,  on  the  N.  shore  of  Lancas- 
ter Soimd,  Lat.  75°  N.  It  was  presented  to  the  British  Museum  by 
Thomas  Crowther  Brown,  Esq.  Probably  brought  home  by  one  of 
the  crew  of  the  "Phoenix^  (Capt  Inglefield),  1853-54. 

2.  Favosites  polymarpha,  Ooldf.     PL  X.  Fig.  3. 

Goldftisfl,  Petrefacta  Germaniffi,  t.  27,  fig.  2-4. 

FavoiitM  cervieomia^  and  jP.  dubia^  Edw.  Arch.  Mns.,  and  Edw.  and  Haime,  Brit. 
Fobs.  Corals,  t.  48,  fig.  2. 

Appendix  to  Sutherland's  Joum.  (Geology),  by  J.  W.  Salter,  p.  ccxxviii.  pi.  6, 
figs.  9  and  9a.  magnified. 

Mr.  Salter  writes :  **  Well-preserYed  specimens  are  frequent ;  and 
both  the  polymorphous  (fig.  9)  and  branched  varieties  are  found  at 
Griffith's  Island. 

''  The  tubes  are  by  no  means  of  equal  size, — numerous  small  ones 
occurring  between  the  others.  The  edges  are  somewhat  thickened. 
Internally  the  tubes  are  sometimes  cylindrical  and  smooth,  at  others 
more  prismatic.  They  are  sometimes  faintly  striated  inside.  The 
pores  occur  in  single  rows  at  wide  distances  apart.  The  transverse 
diaphragms  are  not  visible  in  these  specimens."  Mr.  Salter  alludes 
also  to  another  specimen  which  agrees  well  with  the  J^.  erassa  of 
M'Coy. 
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It  may  be  mentioned  that  although  attempts  have  been  made 
to  classify  the  Irish  Silurians  similarly  to  those  of  England,  yet 
it  is  not  a  satisfactory  classification,  as  the  fossils  of  the  JSnglish 
groups  are  mixed  up  together  in  the  Irish  ones ;  this  is  a  subject 
which  if  fully  entered  into  would  take  up  too  much  space,  but  it  may 
be  mentioned  that  in  the  Kerry,  Galway,  and  Mayo  Silurians  there 
is  a  thin  zone,  at  about  the  same  geological  horizon,  which  carries 
Gambro-Silurian  (Caradoc)  fossils,  while  in  the  rocks  below  and 
above  they  are  of  Upper  Llandovery  and  Wenlock  types.  In  one 
portion  of  Galway  there  are  at  least  3000  feet  in  thickness  of  Upper 
Llandovery  rocks  below  this  zone.  I  would  suggest  that  the 
American  and  Continental  Silurians  in  which  Land  Plants  occur 
are  possibly  equivalents  of  the  Irish  groups  to  which  I  now  draw 
attention. 

NoTB.— Prof.  Claypole  has  described  a  Lepidodendroid  plant,  Olifptodmirm 
Eatonensty  from  the  Upper  Silurian  (Clinton)  rocks  of  Ohio,  in  the  American  Jaoital 
of  Science  for  April,  1878,  p.  302.— J.  M. 


lY. — On  a  Flint  Implement  fbom  the  Babnwxll  Grayxl. 

By  A.  F.  Grippith,  Esq. 

A  FEW  weeks  ago  a  flint  implement  was  found  in  the  gravel-pit 
at  Barnwell,  near  Cambridge,  by  the  workmen,  from  whom 
I  bought  it  It  is  a  very  fine  specimen  of  the  hache  type, 
its  greatest  length  being  6f  ins.,  its  greatest  breadth  df  ins.,  and 
thickness  2^.  It  corresponds  closely  with  specimens  in  the  Wood- 
wardian  Museum,  from  Tlietford,  in  Suflfolk,  and  from  Amiens.  It 
agrees  almost  exactly  in  size  and  outline  with  an  implement  of  the 
"  River-drift  type,"  figured  by  Dr.  John  Evans  in  his  beautiful  work 
on  the  "  Ancient  Stone  Implements  of  Great  Britain  " ;  from  Bidden- 
ham,  Bedford  (fig.  414,  p.  481) ;  also  with  one  from  BedhUI, 
Thetford  (fig.  427,  \  nat.  size,  p.  496,  op,  ciL), 

The  pit  where  it  was  found  is  in  the  well-known  Barnwell  river 
gravel,  which  contains  a  considerable  number  of  bones  of  Mammalia, 
including  those  of  Bos,  Equus,  Cervus,  Bhtnoceros  Uchorhinui, 
Elephas  prtmigenivs  and  antiquua,  and  Hippopotamus,^  and  has  in 
places  a  thin  band  of  shells,  amongst  which  Unto  liitoraUs  and  Cyrena 
fluminalis  are  common.  This  band,  however,  is  not  found  in  the 
present  pit,  though  it  occurred  in  the  old  pit  about  350  yards 
distant,  on  the  side  of  the  Newmarket  Road,  which  was  in  the  same 
gravel,  and  is  on  the  same  level  as  the  present  one.  The  occurrence 
of  a  worked  flint  associated  with  these  shells  is,  I  believe,  very 
unusual.  At  Menchecourt,  in  France,  Cyrena  Jluminalis  was  found 
by  Prof.  Prestwich,  in  the  implement-bearing  gravel,  while  I  only 
know  of  one  instance  having  been  recorded  of  a  worked  flint  having 
been  found  associated  with  Unto  littoralis ;  this  was  found  in  the 
brick-earlh  of  Cray  ford,  Kent,  by  Mr.  Fisher,  in  1872.' 

The  only  other  evidence  of  man's  existence  which  has  hitherto 
been  obtained  from  this  deposit  is  perhaps  of  a  rather  doubtful 

*  Quart.  Joum.  Geol.  Soc,  vol.  xxii.  p.  476. 
'  Geol.  Mao.  June,  1872. 
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cliaracter,  consisting  of  a  bone  supposed  to  have  been  cut  bj  man 
before  its  burial  in  the  gravel.  This  was  described  by  Prof.  H.  G. 
Seely,  in  bis  paper  on  the  Fen  Drifts.* 

A  few  worked  flints  have  been  found  round  Cambridge,  in  gravel 
heaps  by  the  road-side.  Some  specimens,  now  in  the  Woodwardian 
Museum,  were  found  by  Prof.  Hughes,  in  gravel  which  came  from 
the  Observatory  HilL  Mr.  Fisher  also  has  a  small  hache  of  much  the 
same  type  as  the  Barnwell  one,  but  much  smaller,  and  more  oval, 
being  only  3^  inches  long ;  this  he  found  in  gravel  which  came  from 
the  Chesterton  pits.  Both  this  and  the  Observatory  specimens  are 
much  more  water- worn  than  that  from  Barnwell.  The  implements 
found  at  both  these  localities  are  of  the  regular  "  River-drift  period  " 
type,  closely  resembling  several  of  the  woodcuts  in  Dr.  John  Evans's 
''  Ancient  Stone  Implements  of  Great  Britain,"  e.g.,  Implement  from 
San  ton  Downham,  fig.  486,  p.  604;  from  Shrub  Hill,  Feltwell, 
^Q.  448,  p.  616;  from  Hoxne,  Suffolk,  fig.  449,  p.  619;  from 
Fordingbridge,  Ashford,  on  the  Wiltshire  Avon,  ^g.  473,  p.  665 ; 
also  one  from  Wookey  HyaBua-den,  fig.  413,  p.  473.  I  have  also  a 
well-marked  chip,  found  in  gravel  in  a  little  pit  close  to  the  railway 
on  the  south  side,  about  one  mile  from  Lord's  Bridge  Station,  in  the 
direction  of  Old  North  Boad. 

The  section  of  the  pit  at  the  comer  where  my  specimen  was 
found  is  roughly  as  follows : — 

1.      OUn&CO  soil    .....      „ M M».      .MM      M.M      9  IG6v. 

ii.  Trail     „ „ «    1  to  2  feet. 

iii.  Irregalar  myel,  with  band  of  sand ....    3  to  2  feet. 

It.  LeTel-bedded  grayel  with  marly  hands      ,^    9  feet. 

The  implement  was  found  near  the  top  of  the  bed  iv.  The  band 
with  shells  occurred  near  its  base. 

With  regard  to  the  authenticity  of  the  specimen,  I  may  say  that 
when  I  got  it,  it  had  been  partially  cleaned,  but  all  the  comers  were 
still  full  of  the  peculiar  fine  white  gravel  of  the  bed.  I  only  gave 
one  shilling  for  it,  which  goes  to  prove  that  the  men  found  it  on  the 
spot,  and  did  not  buy  it  in  the  town  to  sell  it  at  a  high  profit  in  the  pit 

A  remarkable  character  of  the  weapon  is,  that  while  on  one  side 
and  at  the  blunt  end  it  is  of  the  yellowish  colour  so  common  in 
Palsaolithic  flints  from  gravel,  its  other  side  is  much  whitened,  pro- 
bably by  the  action  of  the  infiltrated  water  which  is  highly  charged 
with  lime.  At  the  suggestion  of  Prof.  T.  Q.  Bonney,  I  tried  to  find 
similar  specimens  among  the  rough  unworked  flints  in  the  pit.  In 
this  I  was  only  partially  successM,  as  I  could  find  none  with  the 
difference  of  colour  on  the  two  sides  so  marked ;  but  this  was,  I 
believe,  due  to  the  fact  that  there  are  very  few  flints  of  any  con- 
siderable size  in  the  lower  part  of  the  deposit 

In  the  subjoined  woodcut  (p.  402)  is  given  a  section  from  the 
Observatory  gravel-pit  to  that  at  Barnwell.  The  heights  given  are 
measured  from  the  level  of  the  river  Cam  below  the  Jesus  College 
locks ;  the  section  cuts  the  river  just  above  them ;  the  direction  of  the 
section  mns  11|°  S.  of  West  and  N.  of  East    The  base  of  the  gravel 

^  Quart.  Journ.  Geol.  Soc.,  vol.  xxii.  p.  477. 

PBCJLDB  n. — ^TOL.  T.^KO.  IX.  7.^ 
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on  the  Observatory  Hill  ia  about  56  feet  above  the  present  river  level. 
The  Castle  Hill,  which  is  partly  natural,  partly  artificial,  has  at  its 
base  another  bed,  whose  level  I  was  unable  to  ascertain  accurately ; 
this  probably  belongs  to  the  Chesterton  gravel.  Jesus  College  stands 
on  gravel  at  a  lower  level  still,  while  the  base  of  the  Barnwell  bed 
is  at  a  height  of  sixteen  feet  above  the  river  level.  Thus  we  have 
four  distinct  terraces,  unless  the  Jesus  College  bed  forms  part  of  the 
Chesterton  series,  which  is  improbable. 

I  must  express  my  thanks  to  Mr.  0.  Fisher,  M.A.,  and  Prof. 
Hughes,  for  the  encouragement  and  help  they  have  given  me  in  the 
preparation  of  this  brief  notice.  My  thanks  are  also  due  to  Mr. 
Haddon,  of  Christ's  College,  for  his  kindness  in  making  drawings  of 
the  implements  for  me.^ 

Chki8t*8  Collboe,  /«««,  1878.  A.  F.  Griffith. 


V. — Wayside  Notes  nr  Travels  oveh  Europe. — The  Great 

Northern  Drift. 

By  Robert  Damon,  F.Q.S. 

THE  overland  route  to  Russia  via  Eonigsberg  or  Warsaw — now 
accomplished  with  comparative  ease — reveals  some  instructive 
facts  connected  with  one  of  the  most  recent  yet  extreme  of 
climatal  changes  which  has  contributed  to  mould  and  fashion  so 
large  a  portion  of  the  surface  geology  of  Northern  Europe.  I  refer 
to  the  ** Great  Ice  Age,"  or  "Glacial  Period,"  when  a  frozen  sea 
probably  covered  the  extensive  plains  now  known  as  Russian  Poland. 

Soon  after  leaving  the  German  frontier,  granitic  debris  and  small 
stones  everywhere  appear  on  the  surface.  These  g^ranitic  erratic 
boulders,  for  such  they  really  are,  increase  in  number  and  dimen- 
sions as  the  journey  is  pursued,  so  that  in  a  few  hours  they  have  so 
augmented  that  a  considerable  distance  might  be  traversed  by  stepping 
from  one  of  these  stones  to  another.  Now  and  then  there  are  some 
one  or  more  of  exceptionally  large  proportions,  but  taken  as  a  whole, 
the  increase  in  size  is  extremely  uniform,  and  before  the  environs  of 
St.  Petersburg  or  Moscow  is  reached,  many  of  them  attain  colossal 
dimensions.  Having  in  my  recollection  the  block  of  granite  in  the 
Admiralty  Square  in  St.  Petersburg,  on  which  stands  the  equestrian 
statue  of  the  Czar  Peter,  many  of  the  boulders  referred  to  are 
hundreds  of  tons  each  in  weight.  In  some  instances  the  railway 
has  paid  respect  to  their  dimensions  and  avoided  them,  for  no 
ordinary  mechanical  power  could  effect  their  removal.  As  may  be 
expected,  their  size  increases  as  their  source  is  approached,  though  on 
sea-beaches  the  larger  pebbles  are  carried  the  furthest  because  they 
are  said  to  offer  a  larger  surface  for  the  moving  force  to  act  upon. 

It  requires  but  little  penetration  to  discern  that  the  direction  of 
the  transporting  power  by  which  this  vast  mass  of  erratics  has  been 
sown  broadcast  over  the  central  plain  of  Europe,  has  acted  from  N. 
or^N.  K  to  S.  and  S.  W.    Several  specimens  of  granite  gneiss,  etc.,  I 

'  These  are  not  reproduced  here,  it  being  belieyed  sofficient  to  refer  the  reader  tA 
Dr.  John  Evans's  work. — Edit.  Gbol.  Mao. 
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was  able  to  identify  as  having  been  derived  from  the  granitic  region 
of  Finland,  nearly  1000  miles  distant,  while  others  have  been  traced 
to  the  rocks  which  surround  the  shores  of  Lake  Ladoga,  imme- 
diately north  of  St.  Petersburg. 

The  amount  of  material  transported  is  not  to  be  judged  merely 
from  what  appears  on  the  surface.  When  a  spaoe  has  been  opened 
and  the  soil  removed,  Boulders  are  exposed  piled  one  upon  the 
other  in  heaps  to  an  enormous  depth,  recalling  to  one's  mind  the 
accumulated  masses  of  rocks  on  the  shore  of  a  lofty  line  of  coast 
These  quarries  in  the  Boulder  formation  being,  humanly  speaking, 
inexhaustible,  will  ever  be  a  source  of  valuable  building  material  to 
a  district  where  no  other  stone  besides  can  be  obtained ;  and  when 
it  is  further  considered  that  this  represents  an  area  of  probably 
1000  miles  in  one  direction,  we  realize  in  part  the  potency  of  this 
most  ancient  but,  comparatively  speaking,  recently  recognized  of 
geological  agencies  Ice — either  as  Coast-ice,  Pack-ioe,  Glaciers,  or 
Icebergs. 

In  the  district  around  Eonigsberg  other  boulders  abound  from  a 
different  region,  viz.  the  Silurian  rocks  of  Sweden.  These  are  so 
numerous  that  in  the  University  Museum  of  that  city  a  really  fine 
collection  of  Silurian  fossils  has  been  formed,  derived  exclusively 
from  boulders  transported  over  the  Baltic.  As  the  cold  of  the 
Glacial  Period  gave  way  to  a  more  genial  climate,  the  waters  formed 
for  themselves  outlets  to  the  Baltic  in  the  rivers  Vistula,  Niemen, 
Dwina,  etc.,  thus  creating  so  many  highways  extending  far  into  the 
interior  of  the  vast  corn-growing  plains  of  Russian  Poland.  Here 
dunng  the  winter  and  spring  barges  of  enormous  dimensions  are 
constructed  on  the  ice  ready  to  float  down  the  stream  at  the  return  of 
summer,  laden  with  wheat,  to  stock  the  granaries  of  their  respective 
ports  of  Dantzic,  Konigsberg,  etc.,  from  whence  Europe  draws  much 
of  her  supplies  of  grain. 

This  enormous  tract  consists  of  almost  unbroken  alluvial  plains,  as 
boundless  as  the  ocean,  without  a  tunnel,  a  cutting  or  a  bridge  being 
visible  through  an  entire  day's  journey.  The  railroad  is  so  straight 
and  the  scenery  so  monotonous,  that  the  traveller  can  hardly  realize 
his  onward  progress ;  the  track  seems  ever  to  converge  towards  the 
same  vanishing  points  on  the  horizon  both  in  front  and  behind. 
Having  taken  this  route  many  years  since,  and  before  the  completion 
of  the  railway  into  Russia,  I  observed  how  the  country  on  each  side 
of  the  line  of  rails  heis  been  cleared,  and  the  granite  blocks  utilised 
for  building  purposes,  road-metal,  etc. 

In  the  Northern  Cemeteries  the  boulders  are  also  frequently  used 

as  tomb- stones ;  those  being  selected  that  have  a  wide  base ;  but  no 

tool  is  applied  to  them  save  for  the  inscription,  which  is  as  simple  as 

the  monolith  itself.     For  example  : 

"Admiral  Schonbein. 
1824  —  1875." 

The  journey  derives  additional  interest  from  historic  associations, 
as  it  was  at  Kowno,  the  frontier  station,  that  the  French  army,  con- 
sisting of  453,000  men,  on  the  24th  and  26th  June,  1812,  crossed 
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the  Niemen;  and  at  Wilna,  the  stution  following,  where,  on  De- 
cember Idth,  six  months  after,  Napoleon  united  his  retreating  force, 
reduced  to  less  than  25,000  men,  — ^the  Bussians,  desertions  and  the 
cold  disposing  of  the  remainder. 

After  describing  the  terrible  passage  of  the  Beresina,  Labaume, 
one  of  Napoleon's  staff,  writes: — *' Arrived  at  the  opposite  bank, 
like  ghosts  returned  from  the  infernal  regions,  we  fearfully  looked 
behind  us,  and  beheld  with  horror  the  savage  countries  where  we 
had  suffered  so  much." 


Sketch  of  the  Qeology  and  Pal^ontoloqt  of  the  Pliocene 
Beds  of  the  Antwebp  District.  By  E.  Yandek  Broeck. 
Fasa  II.     (Bi-ussels,  1878.) » 

THE  first  fascicule  of  this  work  was  published  in  1876  and  noticed 
in  the  Geological  Magazine  for  July,  1877.  With  the  fascicule 
now  issued,  it  forms  a  stratigraphical  introduction  to  MM.  Vanden 
Broeck  and  Miller's  Foraminifera  of  the  Belgian  Pliocene,  being 
Part  I.  of  that  work. 

The  first  fascicule  dealt  with  the  Lower  Sands  of  Antwerp,  the 
second  takes  up  the  Middle  and  Upper  Sands  of  the  same  district, 
concluding  with  a  general  resume  of  the  entire  work,  a  table  of 
stratigraphical  equivalence,  here  reproduced,  a  list  of  works  on  the 
subject,  further  data  and  corrections,  and  a  topographical  chapter 
explanatory  of  the  map  (not  geological)  of  the  area  under  discussion. 

The  Middle  Ssmds  have  been  designated  as  follows : 

Soaldeeian  (in  part)  Dumont,  1849. 

Grey  or  Middle  Crag  Lyell,  1852. 

Grey  Sanda  (in  part)  Nyst,  1861. 

Itocardia  eor  Sands  and  Bryozoan  Book Cogels,  1874. 

They  consist  generally  of  fine  sand,  more  or  less  clayey,  and  very 
rarely  coarse  or  pebbly :  the  glauconite  grains  in  them  are  less 
abundant  and  smaller  than  in  the  Lower  Sands.  They  have  been 
divided  into  Orey  and  Yellow  Sands,  and  correlated  with  the  White 
and  Bed  Crags  of  England  respectively  on  the  strength  of  this 
difference  in  colour.  The  fallacy  of  applying  such  a  test  is  abun- 
dantly shown  by  the  author,  whose  remarks  on  this  important  subject 
mf^  be  summed  up  as  follows : — 

Percolating  water  charged  with  carbonic  acid  and  oxygen  acts 
on  both  glauconite  and  carbonate  of  lime.  Where  percolation  is 
rapid,  it  oxidises  the  glauconite ;  where  slow,  it  dissolves  away  the 
fossils.  Thus  the  surface  of  any  glauconitic  or  shelly  deposit 
whether  exposed  directly  or  covered  by  permeable  beds,  is  deprived 
of  fossils  and  oxidised  to  a  greater  or  less  extent,  the  capricious 

}  Les  Foraminifdrea  des  Couches  Pliocenes  de  la  Belgiqne.  Par  £.  Vanden 
Broeck  et  H.  Miller.  Ire  partie:  Esquisse  G^ologique  et  Pal6ontologique  des 
Bepdts  Pliocenes  des  Environs  d'Anvers.  Par  Ernest  Vanden  Broeck.  JSxtrait 
des*Annales  de  la  Sooitft^  Malaoologique  de  Belgique,  tome  ix.  pp.  83-379  [both 
fascicules],  pi.  iv. 
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percolation  of  water  giving  rise  to  great  irregularity  of  alteration,  and 
producing  the  appearance,  often  strongly  marked,  of  unoonformitj. 
To  separate  such  deposits  by  their  colour,  therefore,  is  to  mass  adl 
altered  beds  as  of  one  age,  all  unaltered  as  of  another,  leading  of 
course  to  hopeless  confusion  in  lists  of  fossils  based  on  this  division, 
and  this  confusion  has  been  increased  by  the  inclusion  of  specimens 
from  post-Tertiary  deposits  of  similar  lithological  character^  All  lists 
hitherto  published  are  therefore  to  a  large  extent  worthless,  with  the 
exception  of  those  recently  compiled  by  M.  Cogels. 

The  Middle  Sands  are  rather  Diestian  than  Scaldesian  in  their 
faunal  affinities,  and  slightly  anterior  to  the  Coralline  Crag,  to  which 
they  are  closely  allied.  By  the  northward  and  westward  movement 
of  the  area  of  deposition,  due  to  the  elevation  of  Belgium  and 
simultaneous  depression  of  Holland  and  East  Anglia,  the  Coralline 
Crag  was  still  in  process  of  deposition  when  the  Belgian  area 
emerged. 

The  Middle  Sands  have  two  facies,  one  of  comparatively  shallow 
water,  distinguished  by  the  predominance  of  hocardia  cor^  the  other 
of  deeper  water,  notable  for  its  profusion  of  Bryozoa.  Enormous 
quantities  of  Cetacean  bones,  often  as  entire  skeletons  and  connected 
vertebral  columns,  occur  throughout  the  series,  but  the  Ziphioids 
and  DelphinidsB  of  the  Lower  Sands  are  here  replaced  by  Mysticeti 
and  Phocidse.  The  fish  are  mostly  Selachians,  some  of  them  of 
enormous  bulk.^ 

Like  the  Coralline  Crag,  the  Middle  Sands  have  suffered  great 
denudation  previous  to  the  deposition  of  the  Upper  Sands  (^Red 
Crag). 

Remarks  on  the  horizon  of  certain  local  deposits  and  of  Terebratula 
grandis  (a  Middle  Sands  species  referred  by  M.  Cogels,  from  deficient 
evidence,  to  the  Lower  Sands)  are  followed  by  a  sketch  of  the 
geography  of  the  Middle  Sand  period.  The  Belgian  basin  extendeil 
Irom  Cotentin  to  Denmark  and  Iceland :  the  Mediterranean  had 
nearly  its  present  outline,  whilst  in  Austria  and  South  Busdia  occur 
isolated  manne  deposits  of  this  age. 

Passing  to  the  Upper  Sands  we  find  a  number  of  synonyms  of 
which  but  one  need  be  named.  Sables  d.  Trophon  antiquum,  given  by 
M.  Cogels  in  1874. 

The  Upper  Sands  are  of  littoral  origin,  coarse  and  pebbly,  rarely 
more  than  14  feet  thick,  grey  where  protected  by  overlying  im- 
permeable beds  from  percolating  water,  but  mostly  oxidised.  Their 
derived  fossils  being  clearly  distinguishable  from  contemporaneous 
species,  these  Antwerp  beds  may  help  to  settle  the  vexed  question  of 
*'  derivation  "  in  the  English  Red  Crag,  as  many  species  from  the 
latter,  supposed  to  be  derived,  are  found  in  the  Upper  Sands. 

As  with  the  previous  series,  the  Upper  Sands  are  slightly  anterior 
to  the  Red  Crag,  except  perhaps  the  Crag  of  Walton-on-the-Naze, 
which  has  an  earlier  facies  than  the  rest  of  the  Red  Crag,  and  may  be 
synchronous  with  the  Upper  Sands.      The  base  of  both  contains 

*  Corcharodon  megalodon  was  70  feet  long,  and  its  jaws  were  H  feet  in  ciroom* 
fcrence. 
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rolled  and  water-worn  bones,  many  of  them  belonging  to  Cetaoesna 
that  ooald  not  have  lived  in  the  shallow  seas  of  the  period :  these 
remains  have  been  derived  mostlji  if  not  entirely,  from  the  Middle 
Sands,  where  they  abound  in  the  unrolled  and  oonnected  state. 

Littoral  beds  occur  East  of  Antwerp,  indicating  a  later  advance 
of  the  sea,  possibly  that  produced  by  the  depression  which  in 
Suffolk  introduced  the  Chillesford  series. 

The  geography  of  the  Upper  Sands  period  resembled  in  the  main 
that  of  the  preceding  epoch,  with  the  addition  of  a  wide  sheet  of  fresh 
or  brackish  water,  which  stretched  from  Austria  to  Tartary,  and  left 
as  its  isolated  relics  the  Black,  Caspian,  and  Aral  seas. 

i Copious  lists  of  fossils,  with  statistical  analyses  of  eadi,  are 
uced  by  the  author  in  proof  of  his  views,  but  for  these  the  reader 
is  referred  to  the  original.  The  author  desires  the  writer  of  this 
notice  to  add  that  he  will  be  happy  to  present  a  copy  of  the  work 
to  any  one  interested  in  the  subject  Applications  may  be  made  to 
W.  Whitaker,  Esq.,  B.A.,  F.G.S.,  Museum,  Jermyn  Street,  S.W.] 

W.  BL  D. 


I. — Ioonoohafhia  Cbinoidkobum   ik    Stbatis    Sukolb    Sii;ubicis 
FossiuuM  AuoTOBB  N.  p.  Akoelin.    Opus  Postumum  EDumuK 

CUBAVIT  BkGIA    AOADICMIA    SoiKMTIABUM    SUBOICA.       FollO,    pp. 

64.  Qnm  Tabulis  XXIX.  (HolmisB,  Samson  &  Wallin ;  Liondon, 
Triibner  &  Co.,  1878.) 

THERE  is  probably  no  better  proof  of  disinterested  regard  which 
can  be  displayed  for  a  deceased  scientific  man,  than  that  his 
friends  should  undertake  the  very  difficult  and  laborious  task  of 
preparing  his  posthumous  works  for  publication.  It  was  this  feeling 
which  led  the  disciples  of  the  illustrious  Cuvier  to  publish  ''Le 
E^gne  Animal,"  and  Charles  Murchison  to  edit  *'  Falconer*s  Paheon- 
tological  Memoirs."  A  noble  example  of  this  self-denying  spirit 
is  shown  in  the  work  before  us  by  Prof.  S.  Lov^n,  and  Dr.  6. 
Lindstrom,  the  former  a  colleague  of  Angelinas,  and  the  latter  his 
recently  appointed  successor  at  Stockholm. 

The  unpublished  MSS.  of  Angelin,  handed  over  to  the  Academy 
by  his  family,  were  found  to  consist  of  various  memoirs  on  the 
IVilobites,  Cephalopoda,  Graptolites,  etc.,  but  for  the  most  part  in- 
complete and  unarranged. 

In  185 1  he  published  under  the  title  of  ''  Palaeontologia  Suecica  " 
the  first  part  of  his  Monograph  of  the  Silurian  Crustacea  of  Scandi- 
navia ;  the  second  part  entitled  ''  Palaeontologia  Scandinavica " 
appeared  in  1854.  At  his  death  in  February,  1876,  all  the  beautiful 
plates,  29  in  number,  published  in  the  present  volume,  were  found 
ready  prepared  and  lithographed,  part  of  tlie  text  was  printed  and 
part  was  found  in  MS.  The  Editors  modestly  lay  claim  only  to 
the  plan  and  svstematic  arrangement  of  the  work  (except  the 
Cystidea),  they  having  given  Angelin's  own  generic  and  specific 
characters,  merely  reducing  the  same  to  order,  and  adding  some 
needful  notes  on  the  synonymy.     The  name  of  Prof.  S.  Loven, 
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however,  gives  a  very  high  importanoe  to  this  Monograph,  and  it  is 
sure  to  be  largely  in  demand,  so  soon  as  its  publication  is  made 
known,  especially  for  the  libraries  of  museums  and  scientific 
societies;,  to  all  those  interested  in  Silurian  fossils  it  becomes  a 
necessary  work  of  reference.  No  more  beautiful  figures  of  Crinoids 
have  ever  appeared  than  those  so  accurately  portrayed  in  Angelinas 
plates,  and  the  Latin  text  which  accompanies  them  will  render  the 
work  of  the  highest  utility. 

The  author  divides  the  Crinoidea  into  two  great  primary  divi- 
sions, namely,  L  Cbinoidea  proper; 

and  II.  Ctstidea. 

The  "Cbinoidba  proper"  are  again  subdivided  according  to  the 
number  of  their  basal  plates  into  four  sections,  viz. : — 1.  Trimera; 
2.  Tetramera ;  3.  Pentamera ;  and  4.  Polymera. 

The  Ctstidka  are  divided  into  three  sections,  namely,  1.  Apora ; 
2.  Gtemellipora;  3.  Pedicellata;  Bhombifera.  The  author  has 
abolished  the  termination  in  ties  of  genera  like  Echinospherites, 
CaryocystiUs,  Spharonites ;  which  are  printed  Echinoaphara,  CaryO' 
cystiSf  Spharonis ;  but  the  convenience  of  the  termination  in  ties  as 
a  ready  means  of  distinguishing  generic  names  applied  to  fossil 
forms  from  those  of  existing  representative  genera  (e«g*:  PentO' 
crinue  from  Pentacrinites)  is  too  generally  recognized  and  has  been 
too  frequently  used  to  be  easily  removed  from  our  Nomenclator 
Palseontologicus. 

The  following  is  the  classification  adopted  by  the  author  for  these 
two  great  groups. 

Genus,  Clidoehirua^  Ang.  (2  sp.) 
„      Calpiocrinutf  Ang.  (4  ep.) 
„      Aniioerinui,  Ang.  (1  sp.) 
Fanu  11.  loHTHTOoamiDA. 

Genus,  lehthf^oerinut,  Corrnd  (Ssp.) 
„      Fyenotaeeuty  Ang.  (3  sp.) 


I.  CRINOIDEA  PROPRIA. 

Section  I.  Tbimera. 

Fam.  1.  B&XABOc&iMiDA. 

Genus,  BriarocrinuM^  Ang.  (2  sp.) 

Pam.   2.    PATSLLIOCBINIDiE. 

Genus,  FateUioerinui,  Ang.  (9  sp.) 
Fam.  3.  Platycsinid.s. 

Genus,  MarsupioerinuSf  PhiU.  (9  sp.) 
„      Leptoerinutf  Ang.  (1  sp.) 
„       Cordylocrinutt  Ang.  1  (sp.) 
Fam.  4.  Hab&oc&inidjb. 

Genus,  HabrocrinuMy  D'Orb.  (14  sp.) 
„      Fumoerinut,  Ang.  (5  sp.) 
Fam.  5.  DESioDOCEnnoA. 

Genus,  De^midoerinuty  Ang.  (4  sp.) 
Fam.  6.  AcriNocBnaDiE. 

Genus,  Aetinoerinus,  Miller  (9  sp.) 
„      Ferieehoerinutf  Austin  (9  sp.) 
Fam.  7.  Babbandbocrikidjb. 

Genus,  Barrandeoerinuif  Ang,  (1  sp.) 
Fam.  8.  Saoenocbinidjb. 

Genus,  SagenoerinuMy  Austin  (1  sp.) 
Fam.  9.  Taxocbinidjb. 

Genus,  Taxoerinu$y  Phillips  (10  sp.) 
Forbenocrinuty  DeKon.(4sp.) 
Oitsoerinuiy  Ang.  (7  sp.) 
„      Myelodaetyluty  fiaU  (3  ^.) 

Fam.  10.  HoMALOCBINIDiB. 

.  Genus,  HomaloerinuB,  Ang.  (1  sp.) 
„  LecanoerinuBf  J.  Hall  (2  sp.) 
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Section  II.  Tet&axbra. 
Fam.  1.  Caltptoceinid-b  (s^wm- 
iyptoerinida,) 
Genus,  Calloerinuiy  D'Orb.  (9  sp.) 
„      £uealyptoerinu8,  Goldfuss  (7 

species). 
, ,      SypaHthocrinuayV]nll,  (3  sp.) 
Fam.  2.  Cortmbocbimida. 


Genus,  Corymdocrinusy  Ang.  (6  sp.) 
„      Abaeoerinuty  Ai 
Fam.  3.  Meloobinidjb. 


jie.  (6 
.  (4  sp. 


) 


Genus,  Meloerinuty  Goldl  (5  sp.) 
Fam.  4.  CTRTiDOCRDriDJB. 

Genus,  Cyrtidocritiuty  Ang.  (1  sp.) 
Section  III.  Pentamera. 

Fam.    1.   PiBOCRIMIDiE. 

Genus,  Fisoerinuty  De  Koninck  (4 
species). 
Fam.  2.  Stelidiocrinidjb. 
Genus,  Stelidioerinut,  Ang.  (3  sp.) 
„      Harmocrinuty  Ang.  (1  sp.) 
Fam.  8.  Chibocrinisa.  » 

Genus,  CAtrocruius,  &^\«t  Vy  ^"^^ 
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II.  CY8TIDEA. 
Section  I.  Apora. 

Genus,  Ahinotphtn^WBhleabei^. 
(1  ipecies). 
ff      Cmrfocffttia^  t.  Bucli  (7  sp.) 
„      Megue^iM,  Hall  (2  ap.) 

Section  II.  Obmsllipoba. 

GenuB,  ^htnvniSf  Hinnger  (8  ip.) 
„      £ticy$tit,  Ang.  (1  so.) 
„      Olyptotphmra^  Muller  (1  ip.) 
,,      Ooatphoeystitf  BEall  (1  ^} 

Section  III.  Pedicbllata;  Rhombifsri 
Oenns,  Oljfptoeytiu^  fiillingB  (1  ^) 
„      LepadoarimtiSj  Hall  (1  tf.) 


4.  CTATHOCBnnDJB. 

Imrftvs  Oi^koerinuif  Miller  (14  sp.) 
«>      Sieyoerinm,  An?.  (1  sp.) 
„      Aupiroerinutf  Ang.  (I  sp.) 
„      Opkioerinutf  Ang.  (1  sp.} 
M      Botryoerinut^  Ang.  (2  sp.) 
Fkm.  6.  EuoRiNiDJB. 

Genoa,  Euerinut^  Ang.  (7  sp.) 

Fam.   6.   EXALLOORINIDA. 

Genoa,  Enalloerinm,  D'Orb.  (2  sp.) 
Fam.  7.  CBOTALOo&iNn).B. 

Genus,  Crotaloerinut,  Austin  (3  sp.) 
Section  lY.  Poltmbra. 

Fam.    1.   POLTPBLTIDJS. 

Genus,  Folfpeltity  Ang.  (1  sp.) 


The  Cystidea  have  been  specially  edited  by  Profl  Loven.  AU  the 
Grinoidea  enumerated  and  described  in  this  wori^  are  from  Swedish 
localities,  but  many  of  them  are  at  once  seen  to  be  identical  with 
British  Silurian  species,  and  it  is  for  this  reason  more  especially, 
that  we  have  to  thank  Professor  S.  Lov6n  and  Dr.  G.  IjindBtr6m 
for  this  very  valuable  contribution  to  palsoontological  science, 
Strange  to  relate,  save  for  an  exceptional  paper  here  and  there,  this 
beautiful  group  of  the  Echinodermata  have  remained  almost  un- 
noticed in  this  country.  Miller's  Grinoidea  (1821)  and  Austin's 
Crinoidea  (1821-44),  both  rare  works,  being  the  only  two  separate 
memoirs  published  in  this  country  on  "  Stone  Lilies." 

n. — Cataloqub  of  the  Hutton  Collection  of  Fossil   Plants, 

INCLUDING    A    SYNOPTICAL   LiST    OF    THE    CHIEF    CaRBONIFKROUS 

Species  not  in  the  Collection.  By  G.  A.  Leboub,  F.O.S. 
Koyal  8vo.  pp.  132.  (Newcastle-on-Tyne,  Published  for  the 
Institute  by  Andrew  Raid,  Printing  Court  Buildings ;  London, 
Longmans  and  Co.,  1878.) 

THE  work  by  Mr.  O.  A.  Lebour  containing  the  Illustrations  of 
the  Fossil  Plants  belonging  to  the  large  collection  of  the  late 
Mr.  W.  Hutton,  and  not  published  in  the  "  Fossil  Flora,"  has  been 
already  noticed  in  this  volume  (p.  319).  The  present  work  by  the 
same  author  may  be  considered  as  a  companion  to  the  former,  and 
comprises  a  catalogue  of  the  specimens  in  the  Hutton  Collection  of 
Fossil  Plants  in  the  Newcastle  Museum,  which  is  of  special  value  as 
illustrating  the  ancient  flora  of  the  Newcastle  Coal-field. 

Although  greater  attention  has  been  paid  in  the  Catalogue  to  such 
species  as  are  represented  in  the  Collection,  or  are  figured  in  the 
'*  Fossil  Flora "  of  Lindley  and  Hutton,  the  student  will  find  most 
of  the  chief  Carboniferous  species  of  plants,  either  not  found  in  the 
collection  or  known  as  British  forms,  therein  enumerated,  as  well  as 
lists  of  some  Triassic  or  Jurassic  plants,  thus  rendering  the  work 
of  greater  utility.  The  genera,  with  their  principal  diagnostic 
characters,  are  arranged  chiefly  according  to  the  system  adopted  by 
Schimper  in  his  Paleontologie  Vegetale,  and  the  general  catalogue 
is  preceded  by  an  introduction  in  which  the  early  and  present  ideas 
revalent  as  to  the  stratigraphical  value  of  fossils,  and  to  their 
ibution,  are  briefly  stated.  J.  M. 
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Dublin^  August  15,  1878 — Address  delivered  to  the  Geological 
Section.  By  John  Evans,  D.C.L.,  LL.D.,  F.R.S.,  F.Q.S.,  etc., 
President  of  the  Section. 

IN  opening  the  proceedings  of  this  Section,  I  cannot  but  call  atten- 
tion to  the  fact  that  the  present  is  the  third  occasion  on  which 
the  British  Association  has  met  in  this  city,  its  first  meeting  here 
having  taken  place  in  the  year  1835,  or  forty-three  years  ago.  On 
that  occasion,  as  indeed  for  many  years  afterwards,  the  two  distinct, 
though  to  some  extent  cognate  branches  of  study.  Geology  and 
Geography,  were  classed  in  the  same  Section,  and  its  President  was 
a  man  of  whom  Irish  science  may  well  be  proud,  and  who,  I  am 
thankful  to  say,  is  still  living  to  enjoy  his  well-deserved  honours — 
the  veteran  geologist.  Sir  Richard  John  Griffith,  the  author  of  the 
first  Geological  Map  of  Ireland.  It  seems  hardly  credible  that  the 
construction  of  this  map  was  commenced  in  the  summer  of  1812,  or 
sixty-six  years  ago ;  but  the  records  of  the  G^logical  Society  of 
London  testify  to  the  still  more  remarkable  fact  that  Sir  Richard 
Griffith  was  elected  a  Fellow  of  that  Society  in  1808, — seventy 
years  ago.  Indeed,  in  1854,  when  the  Wollaston  medal  was 
awarded  to  the  then  Dr.  Griffith,  the  President,  the  late  Professor 
Edward  Forbes,  spoke  as  he  said  reverentially  to  one  of  the  earliest 
members  of  the  Society,  and  to  a  geologist  who  appeared  in  print 
before  he,  the  President,  was  bom.  It  was  well  said  on  that  occasion 
that  the  map  lately  mentioned  was  one  of  the  most  remarkable 
seological  maps  ever  produced  by  a  single  geologist ;  and  I  make  no 
doubt  that  those  who  are  at  present  engaged  on  the  Geological 
Survey  of  this  island  will  testify,  as  did  their  predecessors,  to  the 
value  of  this  *'  surprising  monument  of  observation  and  skilL" 

When  speaking  of  the  Geological  Survey  of  Ireland,  it  will  not,  I 
am  sure,  be  thought  out  of  place  if  I  offer  here  a  tribute  of  respect 
to  the  memory  of  one  who  was  originally  a  student  in  the  College 
within  whose  walls  we  are  assembled,  and  who  subsequently  occu- 
pied posts  of  the  highest  importance  in  connexion  with  the  G^logical 
Society  of  Dublin  and  the  Geological  Survey  of  Ireland,  besides  filling 
the  Professorial  Chair  of  Greology  in  this  University :  I  mean  Dr. 
Thomas  Oldham,  the  late  Director  of  the  Geological  Survey  of  India. 
With  the  marvellous  amount  of  work  which  he  was  enabled  to 
accomplish  in  that  country  you  are  all  acquainted,  and  you  will  all 
share  in  the  regret  that  Uie  period  of  his  well-earned  retirement — 
that  "  requies  optimorum  meritorum  " — should  have  been  so  quickly 
cut  short  by  death.  His  name  will,  however,  long  survive,  and 
future  students  of  geology  will  have  no  difficulty  in  recognizing  the 
distinguished  labourer  in  their  science  after  whom  the  Cambrian 
Oldhamia  of  the  Wicklow  hills  so  worthily  received  its  name. 

But  to  return  to  this  Association. 

On  the  next  occasion  of  its  meeting  in  Dublin,  in  1857,  Section  C. 
had  become  devoted  to  Geology  alone,  and  Geography  was  excluded^ 
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the  President  being  Lord  Talbot  de  Malahide,  a  nobleman  whom  also 
we  still  have  among  us,  and  who  is  alike  well  known  to  archceologists 
and  geologists. 

As  the  last  meeting  of  the  Association  in  this  city  took  place 
twenty-one  years  ago,  it  would  at  first  sight  appear  that  in  opening 
our  proceedings  I  might  with  propriety  dwell  on  the  progress  which 
has  been  made  within  that  period  in  the  development  of  the  geology 
of  Ireland.  I  must,  however,  remind  you  that  it  is  only  four  years 
since  the  Association  held  its  meeting  in  what  I  may  almost  call  the 
neighbouring  town  of  Belfast,  when  the  accomplished  chief  of  the 
Geological  Survey  in  Ireland  presided  over  this  Section  and  delivered 
an  address,  in  which  some  of  the  more  interesting  features  of  the 
country,  especially  those  of  the  volcanic  district  of  the  north-east  of 
this  island,  were  discussed.  During  the  present  year,  moreover,  he 
has  published  his  comprehensive  work  on  the  Physical  Geology  and 
Geography  of  Ireland,  which  I  commend  to  you  as  far  more  likely  to 
call  your  attention  to  the  characteristic  features  of  the  country  and 
the  latest  discoveries  with  regard  to  its  geology  than  anything  I 
could  compile. 

In  addition  to  this,  there  has  appeared  during  the  present  year 
another  interesting  volume,  which  records  the  impressions  of  a  highly 
intelligent  foreign  geologist  on  visiting  this  country.  I  mean  the 
*'  Aus  Irland  "  of  Dr.  Arnold  von  Lasaulz,  Professor  of  Mineralogy 
in  the  University  of  Breslau.  For  this  volume,  in  whioh  shrewd 
remarks  on  the  country  and  its  inhabitants  are  mingled  with  geolo- 
gical observations  and  valuable  comparisons  of  the  Irish  formations 
with  those  of  other  countries,  we  are  indebted  to  the  meeting  of  the 
British  Association  having  been  held  two  years  ago  at  Glasgow, 
which  attracted  the  author  to  visit  the  British  Islands. 

So  much  having  lately  been  published  upon  the  geology  of  this 
country,  I  shall  content  myself  with  making  a  very  few  general 
observations  with  regard  to  it,  and  propose  subsequently  to  touch 
briefly  on  some  of  those  questions  which,  within  the  last  twelve 
months,  have  occupied  the  attention  of  those  who  are  engaged  in  the 
advancement  of  our  science. 

As  to  the  geology  of  this  country,  I  may  observe  that  we  are 
here  assembled  just  on  the  edge  of  that  great  central  plain  which 
forms  so  important  a  feature  in  the  map  of  Ireland,  and  which 
stretches  from  Dublin  Bay  on  the  east  coast  to  Galway  Bay  on  the 
west,  with  hardly  a  portion  of  it  attaining  to  an  elevation  of  three 
hundred  feet  above  the  sea,  over  a  tract  of  country  nearly  one 
hundred  and  fifty  miles  in  extent  in  almost  every  direction. 

The  boundaries  of  this  great  plain  and  those  of  the  Carboniferous 
Limestone  almost  coincide,  so  that  we  have  here  the  somewhat 
remarkable  feature  of  a  formation  whioh  in  England  is  of  such  a 
character  as  to  have  received  the  name  of  the  Mountain  Limestone, 
constituting  in  the  neighbouring  island  nearly  the  whole  of  the  plain 
country.  In  some  of  the  north-western  counties,  however,  as  for 
instance  Fermanagh  and  Sligo,  it  assumes  its  more  mountainous 
ter.     Nearly  the  whole  of  this  central  plain  is  overlain  with 
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boulder  clay,  limestone  gravel  or  middle  drift,  and  extensive  bogs, 
so  that  the  subjacent  rock  is  but  occasionally  seen.  In  several  places 
detached  bosses  of  Old  Hed  Sandstone  rise  through  the  limestone, 
and  there  is  also  good  reason  for  believing,  with  Professor  Hull,  that 
the  whole  of  the  area  was  at  one  time  covered  with  the  upper 
members  of  the  Carboniferous  group,  including  the  true  Coal-measures, 
of  which  unfortunately  but  small  patches  remain,  and  those  upon  the 
margin  of  the  plain.  From  the  absence  of  the  Upper  Palasozoic, 
Mesozoic,  and  Cainozoic  formations  over  the  area.  Professor  Hull  has 
arrived  at  the  conclusion  that  the  surface  remained  in  the  condition 
of  dry  landf  while  that  of  England  was  being  submerged  beneath 
the  waters  of  the  sea,  over  the  bed  of  which  nearly  all  tiiese  forma- 
tions were  deposited.  To  a  certain  extent,  however,  he  leaves  it  an 
open  question  whether  some  of  the  Mesozoic  strata  which  occur  over 
the  north-east  of  Ireland  may  not  have  been  deposited  over  the 
centre  and  south.  The  amount  of  denudation  over  this  central  area 
has,  no  doubt,  been  such  that  the  chances  of  even  Professor  Judd 
finding  traces  of  these  later  deposits  appear  at  first  sight  to  be  but 
small ;  but  whether  the  whole  of  this  vast  amount  of  denudation  is 
due  to  the  wasting  influence  of  rain,  rivers  and  other  sub-aerial 
agents  of  erosion,  is  a  question  which  I  venture  to  regard  as  at  all 
events  open  to  discussion.  It  appears  to  be  the  case  that  in  some 
parts  of  the  North  of  Ireland  the  whole  of  the  Upper  Carboniferous 
beds  had  been  denuded  before  the  deposition  of  any  Permian  strata, 
as  these  are  deposited  immediately  on  the  Carboniferous  Limestone ; 
and  if  this  amount  of  denudation  had  taken  place  in  pre-Permian 
times  in  the  north,  there  seems  a  possibility  of  the  same  having  been 
the  case  in  Central  Ireland.  If  so,  it  is  possible  that  some  traces  of 
the  later  deposits  may  yet  be  found  on  the  central  plain.  Certainly, 
if  we  are  still  to  regard  the  White  Chalk  as  a  deep-sea  deposit,  the 
Cretaceous  rocks  of  the  north-east  of  Ireland  must  have  at  one  time 
extended  farther  south  than  they  do  at  present,  and  somewhere  or 
other  there  must  have  been  shore  deposits  of  that  period  formed 
further  south  than  the  Upper  Greensand  of  Antrim.  The  careful 
investigations  of  Professor  Judd  have  largely  extended  our  knowledge 
of  the  Secondary  rocks  of  the  western  coast  and  islands  of  Scotland, 
and  he  has  been  able  to  show  that  the  Jurassic  series  of  the  Western 
Highlands  could  not  have  had  a  thickness  of  less  than  three  thousand 
feet  It  is  therefore  hard  to  believe  that,  with  sudh  a  development  in 
so  closely  neighbouring  a  district,  the  deposits  of  the  same  age  in 
Ireland  can  have  been  restricted  to  their  present  area.  ^ 

Professor  Judd  considers  that  the  amount  of  denudation  in  the 
Scottish  Highlands  since  the  Mesozoic  and  even  the  Miocene  period 
has  been  enormous,  and  that  the  great  surface  features  of  the  High- 
lands were  produced  in  Pliocene  times.  It  seems  therefore  possible, 
if  not  probable,  that  so  long  a  period  of  exposure  to  sub-aerial 
influence  as  that  assigned  to  the  central  plain  of  Ireland  by  Professor 
Hull,  would  have  resulted  in  a  more  uneven  land  surface  than  that 
which  we  now  find.  At  all  events,  the  history  of  this  remarkable 
physical  feature  is  one  which  is  of  high  interest,  and  can  hardly  a^ 
yet  be  considered  as  dosed. 
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With  regard  to  the  moantainoas  diBtricts  snrroanding  the  oentral 
plain,  we  shall,  I  believe,  have  the  opportunity  of  visiting  some  parts 
of  the  Wicklow  Mountains,  a  distriot  from  which  a  portion,  at  all 
events,  of  the  native  gold  of  Ireland  was  procured  in  ancient  times, 
as  indeed  it  continues  to  be.  Of  the  abundance  of  gold  in  this 
country  in  early  times,  a  glance  at  the  magnificent  collection  of 
ancient  ornaments  preserved  in  the  museum  of  the  Boyal  Irish 
Academy  will  serve  to  give  an  idea.  Even  in  times  more  recent 
than  those  in  which  the  bulk  of  these  ornaments  were  made,  gold 
was  an  important  product  of  this  country,  and  I  am  tempted  to  quote 
a  few  lines  from  an  early  English  poem,  "  The  Libell  of  Englishe 
Policye,"  written  in  the  year  1436.  In  treating  of  the  commodities 
of  Ireland,  the  author  says  that  the  country  is 

**  So  large,  bo  gode,  and  so  commodions 
That  to  declare  is  strannge  and  merreilonB. 
For  of  silyer  and  gold  there  is  the  ore 
Among  the  wilde  Irish,  though  they  he  pore ; 
For  they  ar  rude  and  can  theron  no  sldlle 
80  that,  if  we  hadde  ther  pese  and  good  wille, 
To  mine  and  fine  and  metal  for  to  pure 
In  wilde  Irishe  mi^hte  we  find  the  core ; 
As  in  Londone  saith  a  jewellere 
Which  hronghte  from  thennes  gold  oor  to  ns  here, 
Wherof  was  fined  metal  gode  and  clene, 
That  at  the  touch  no  better  coude  be  sene." 

Sir  William  Wilde  has  observed  that  the  south-western  half  of 
Ireland  has  yielded  a  greater  amount  of  gold  antiquities  than  the 
north-western,  and  probably  this  would  hold  good  with  regard  to  the 
production  of  the  metal  itself,  though  it  has  been  found  in  the 
counties  of  Antrim,  Tyrone,  and  Derry,  as  well  as  in  those  of 
Dublin,  Wicklow,  Wexford,  «nd  Kildare. 

The  north-east  of  Ireland  possesses,  however,  another  geological 
feature  peculiar  to  itself  in  that  great  expanse  of  volcanic  beds  which 
formed  the  subject  of  Professor  Hull's  address  to  this  Section  at  the 
Belfast  Meeting.  My  only  object  in  now  mentioning  them  is  again 
to  call  attention  to  their  containing  the  only  remains  of  a  Miocene  flora 
which  are  to  be  found  in  this  island.  Analogous  beds  were  detected  in 
the  corresponding  basalts  in  the  Island  of  Mull  by  the  Duke  of  Argyll 
in  1851.  With  the  exception  of  the  Hempstead  beds  of  the  Isle  of 
Wight,  which  should  probably  be  classed  as  Oligocene,  and  the 
Bovey  Tracey  beds  of  Devonshire,  these  are  almost  the  only  deposits 
I  of  Miocene  age  in  the  British  Isles.  The  contrast  presented  by  the 
scarcity  of  deposits  of  this  period  in  Britain  with  their  abundance  in 
the  north-west,  centre,  and  south  of  France,  Switzerland,  and  gene- 
rally in  the  South  of  Eumpe,  is  striking.  Instead  of  thick  deposits 
covering  hundreds  of  square  miles  of  country,  like  the  Miocene  beds 
bordering  the  Pyrenees  or  those  of  the  great  system  of  the  Auvergne, 
we  have  small  patches  owing  their  preservation  either  to  volcanic 
outbursts  having  covered  them  up,  or  to  some  favourable  circumstance 
having  preserved  them  from  total  denudation.  Whether  we  are  to 
assume,  with  the  late  Professor  Edward  Forbes,  that  the  general 
dearth  of  these  strata  in  the  British  Isles  arose  from  the  extent  of 


Br.  John  Emm^s  Address  to  Section  C.  415 

dry  land  which  prevailed  during  the  long  interval  between  the 
Eocene  and  Pliocene  periods,  or  whether  we  assume  the  former 
existence  of  widespread  marine  deposits  which  have  since  been 
entirely  removed,  the  case  is  one  not  without  difficulty.  At  all 
events,  the  absence  of  representatives  of  this  period  within  the 
British  area  has  a  tendency  to  prevent  a  due  appreciation  of  the 
enormous  extent  of  the  Miocene  period  being  generally  felt  in  this 
country.  Nor,  generally  speaking,  do  we,  I  think,  take  a  fair  esti- 
mate of  the  remoteness  in  time  to  which  we  must  date  back  the 
commencement  of  that  lengthened  period.  Professor  Haughton, 
judging  from  the  maximum  observed  thickness  of  each  successive 
deposit,  has  calculated  that  a  greater  interval  of  time  now  separates 
us  from  the  Miocene  period  than  that  which  was  occupied  in  pro- 
ducing all  the  Secondary  and  Tertiary  strata  from  the  Triassic  to  the 
Miocene  epoch,  and,  without  endorsing  the  whole  of  my  accomplished 
friend's  conclusions,  I  incline  to  concur  in  such  an  estimate.  When 
it  is  considered  that  the  Ballypalidy  beds  of  Antrim  and  the  Lough 
Neagh  clays  are  the  sole  representatives  in  Ireland  of  two  periods  of 
such  length  and  importance  as  the  Miocene  and  Pliocene,  their  high 
interest  will  be  more  apparent,  and  I  trust  that  no  opportunity  of 
minutely  studying  them  will  be  neglected. 

There  is  one  other  point  with  regard  to  Irish  geology  on  which  it 
will  be  well  to  say  a  few  words,  Siough  it  is  of  a  negative  rather 
than  a  positive  character.  I  mean  the  absence,  so  far  as  at  present 
known,  of  Palsdolithic  implements  in  this  country.  It  is  true  that 
Professor  Hull,  in  the  book  to  which  I  am  so  much  indebted,  speaks 
of  a  raised  beach  on  the  Antrim  coast  as  containing  worked  flints  of 
that  rude  form  and  finish  known  as  Palsdolithic ;  but  this  is  a  slip  of 
the  pen,  by  which  the  author  has  fallen  into  the  not  uncommon  error 
of  applying  a  term  which  is  merely  significant  of  the  age  of  the 
implements  to  their  external  character.  However  rude  may  be 
the  workmanship  of  the  flint  implements  found  at  Eilroot,  they 
belong  to  the  Neolithic,  and  not  to  the  Palsdolithio  period.  So  far 
as  I  am  aware,  no  example  of  any  implement  belonging  to  the  age 
of  the  Mammoth,  Rhinoceros  and  other  members  of  the  Quaternary 
&una  has  as  yet  been  found  in  Ireland.  Indeed,  the  remains  of 
Elephiu  primigeniua  and  its  associates  are  of  exceedingly  rare  oc- 
currence in  this  country,  though  they  have  been  found  with  those  of 
Bear  and  Beindeer  in  the  Shandon  Cave  near  Dungarvan.  It  is,  of 
course,  impossible  to  foretell  what  future  researches  may  bring  to 
light;  but  judging  from  analogy,  it  seems  hardly  probable  that  until 
ancient  river-gravels  containing  the  remains  of  the  Quaternary  group 
of  mammals  are  found  in  this  island,  veritable  Paladolithic  instruments 
will  be  discovered.  The  association  of  the  two  classes  of  remains  is 
so  constant  that  we  may  fairly  assume  that  the  animals  formed  the 
principal  food  of  the  Paladolithic  hunters,  and  that  any  causes  which 
lead  to  the  absence  of  the  one  class  will  lead  to  the  absence  of  the 
other  also. 

There  is,  however,  one  member  of  that  old  Quaternary  group  which 
is  far  more  abundant  in  Ireland  than  it  is  in  England  or  on  the  Ooa* 
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tinent  of  Europe — ^the  MegcLceros — which  has  rightly  reoeWed  the 
appellation  of  Htbemievs, 

I  hope  that  we  may  have  an  opportunity,  under  the  guidanoe  of 
Mr.  Bichard  Moss,  of  seeing  some  of  the  remains  of  this  **  antl^ 
monarch  of  the  waste  '*  in  the  position  in  which  they  were  originsllT 
interred,  and  it  will  he  an  interesting  question  for  oonsidenti(m 
whether  these  remains  can  he  regarded  as  of  the  same  geological  age 
as  those  of  the  English  caves  and  river-gravels,  or  whether  they  do 
not  for  the  most  part  helong  to  what  Professor  Boyd  Dawkina  hai 
termed  the  Pre-historic  period.  It  seems  hy  no  means  improbable 
that  this  gigantic  stag  survived  in  this  country  for  ages  sifter  he  bad 
become  extinct  in  other  lands,  and  that  the  view  held  by  Profeaaor 
Hull  of  his  extinction  being  due  to  persecution  by  man  is  correct  If 
this  be  so,  it  would  seem  to  follow  that  the  human  oecnpadon  of 
Ireland  is  of  far  more  recent  date  than  that  of  the  sister  conntiy. 

And  this  brings  me  to  one  of  those  questions  which  have  of  late 
been  occupying  the  attention  of  geologists.  I  mean  the  date  whidi 
is  to  be  assigned  to  the  implement-bearing  beds  of  Palaeolithic  age  in 
England.  Dr.  James  Gleikie  has  held  that  for  the  most  part  thej 
belong  to  an  interglacial  episode  towards  the  close  of  the  Gladal 
period,  and  regards  it  as  certain  that  no  Palaeolithic  bed  can  be 
shown  to  belong  to  a  more  recent  date  than  the  mild  era  that  preceded 
the  last  great  submergence. 

His  follower,  Mr.  Skertchly,  records  the  finding  of  Palaeolithic 
implements  in  no  less  than  three  interglacial  beds,  each  underlying 
Bouldcr-clays  of  different  ages  and  somewhat  different  chtu^cters,  the 
Hessle,  the  purple,  and  the  chalky  Boulder-clay.  This  raises  two 
main  questions,  first,  as  to  how  far  Dr.  Croll's  theory  of  the  great 
alternations  of  climate  during  the  Glacial  period  can  be  safely  main- 
tained ;  and  secondly,  how  far  the  observations  as  to  the  discovery 
of  implements  in  the  so-called  Brandon  beds  underlying  the  (^alkj 
Boulder-clay  can  be  substantiated.  Another  question  is  how  far  the 
Palaeolithic  deposits  can  be  divided  into  those  of  modem  and  ancient 
valleys,  separated  from  each  other  by  the  purple  Boulder-clay,  and 
the  later  of  the  two  older  than  the  Hessle  beds.  It  would  be  out  of 
place  here  to  discuss  these  questions  at  length.  I  will  only  observe, 
that  in  a  considerable  number  of  cases  the  gravels  containing  the 
implements  can  be  distinctly  shown  to  be  of  much  later  date  than 
the  chalky  Boulder-clay,  and  that  if  the  implements  occur  in  successive 
beds  in  the  same  district,  each  separated  from  the  other  by  an  enor- 
mous lapse  of  time,  during  which  the  whole  country  was  buried 
beneath  incredibly  large  masses  of  invading  ice,  and  the  whole 
mammalian  fauna  was  driven  away,  it  is  a  very  remarkable  circum- 
stance. It  is  not  the  less  remarkable  because  this  succession  of 
different  Palaeolithic  ages  seems  to  be  observable  in  one  small  district 
only,  and  there  is  as  close  a  resemblance  between  the  instruments  of 
the  presumedly  different  ages  as  there  is  between  those  of  admittedly 
the  same  date.  I  have  always  maintained  the  probability  of  evidence 
being  found  of  the  existence  of  Man  at  an  earlier  period  than  that  of 
the  |)06t- Glacial  or  Quaternary  river-gravels,  but,  as  in  all  other  cases, 
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it  appears  to  me  desirable  that  the  evidenoe  brought  forward  should 
be  thoroughly  sifted  and  all  probability  of  mlBapprehension  removed 
before  it  is  finally  aooepted.  In  the  present  state  of  our  knowledge, 
I  do  not  feel  oonfldent  that  the  evidenoe  as  to  these  three  suooessive 
Palsdolithio  deposits  has  arrived  at  this  satisfactory  stage.  At  the 
same  time  it  must  be  borne  in  mind  that  if  we  make  the  Paliieolithio 
period  to  embrace  not  only  the  river-gravels  but  the  cave  deposits  of 
whioh  the  South  of  France  furnishes  such  typical  examples,  its  dura- 
tion must  have  been  of  vast  extent 

In  connexion  with  the  question  of  Glacial  and  Interglacial  periods, 
I  may  mention  that  of  olimatal  changes  in  general,  which  has  formed 
another  subject  to  which  much  attention  has  of  late  been  g^ven.  The 
return  of  the  Arctic  Expedition,  and  the  reports  of  the  geological 
observations  made  during  its  progress,  which  have  been  published 
by  Captain  Fielden,  one  of  the  naturalists  to  the  Expedition,  in  con- 
junction with  Mr.  De  Banco  and  Professor  Heer,  have  conferred 
additional  interest  on  the  question  of  possible  changes  in  the  position 
of  the  poles  of  the  earth,  and  on  other  kindred  speculations.  Near 
Discovery  Harbour,  about  latitude  8V  4(X,  Miocene  beds  were  found 
containing  a  fiora  somewhat  differing  from  that  which  was  already 
known  to  exist  within  the  Arctic  regions.  **  The  Qrinnell  Land 
lignite,"  say  the  authors  of  the  report,  "indicates  a  thick  peat 
moss,  with  probably  a  small  lake,  with  water  lilies  on  the 
surface  of  the  water,  and  reeds  on  the  edges,  with  birches, 
poplars,  and  taxodiums  on  the  banks,  and  with  pines,  firs,  spruce,, 
elms,  and  hazel-bushes  on  the  neighbouring  hills."  When  we 
consider  that  all  of  the  genera  here  represented  have  their 
present  limits  at  least  from  twelve  to  fifteen  d^rees  farther  south, 
while  the  taxodium  is  now  confined  to  Mexico  and  the  south  of  the 
United  States,  such  a  sylvan  landscape  as  that  described  seems 
entirely  out  of  place  in  a  district  withia  six  hundred  miles  of  the 
pole,  to  which  indeed,  if  land  then  extended  so  far,  these  Arctio 
forests  must  have  also  extended  in  Miocene  times.  Making  all 
allowance  for  the  possibility  of  the  habits  of  such  plants  being  so 
changed  that  they  could  subsist  without  sunlight  during  six  months 
of  a  winter  of  even  longer  duration,  I  cannot  see  how  so  high  a 
temperature  as  that  which  appears  necessary,  especially  for  the  ever- 
green varieties,  could  have  been  maintained,  assuming  that  Orinnell 
Xiand  was  then  as  close  to  the  North  Pole  ^  it  is  at  the  present  day. 
Kor  is  this  difficulty  decreased  when  we  look  back  to  formations 
earlier  than  the  Miocene,  for  the  flora  of  the  Secondary  and  Palssozoic 
rocks  of  the  Arctic  regions  is  identical  in  character  with  that  of  the 
same  rocks  when  occurring  twenty  or  thirty  degrees  farther  south, 
while  the  corals,  encrinites,  and  cephalopoda  of  the  Carboniferous 
Limestone  are  such  as,  from  all  analogy,  might  be  supposed  to  indicate 
a  warm  climate. 

The  general  opinion  of  physicists  as  to  the  possibility  of  a  change 
in  the  position  of  the  earth's  axis  has  recently  undergone  modifica- 
tions somewhat  analogous  in  character  to  those  which,  in  the  opinion 
of  some  geologists,  the  position  of  the  axis  has  itself  undergone* 
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Instead  of  a  fixed  do^a  as  to  the  impossibility  of  chaiige,  we  find  t 
divergenoe  of  mathematical  opinion,  and  variations  of  the  pole,  differ- 
ing in  extent,  allowed  by  different  mathematicians  who  have  of  late 
gone  into  the  question,  as  for  instance  the  Bev.  J.  F.  Twisden,*  Mr. 
Oeorge  Darwin,'  Professor  Haughton,'  the  Bev.  E.  Hill/  and  Sir 
William  Thomson.'  All  agree  in  the  theoretical  possibility  of  a 
change  in  the  geographical  position  of  the  earth's  axis  of  rotatioo 
being  effected  by  a  redistribution  of  matter  on  the  surface,  but  they 
do  not  appear  to  be  all  in  accord  as  to  the  extent  of  8a<^  ohaDges. 
Mr.  Twisden,  for  instance,  arrives  at  the  conclusion  that  the  elevation 
of  a  belt  twenty  degrees  in  width,  such  as  that  which  I  suggested  io 
my  Presidentiid  Address  to  the  Oeological  Society  in  1876,  wonld 
displace  the  axis  by  about  ten  miles  only,  while  Professor  Hangfaton 
maintains  that  the  elevation  of  two  such  continents  as  Europe  and 
Asia  would  displace  it  by  about  sixty-nine  miles,  and  Sir  W.  Thomson 
has  not  only  admitted,  but  asserted  as  highly  probable,  that  the  pdet 
may  have  been  in  ancient  times  ''  very  far  from  their  present  geo- 
graphical position,  and  may  have  giadually  shifted  through  t^, 
twenty,  thirty,  forty,  or  more  degrees  without  at  any  time  any 
perceptible  sudden  disturbance  of  either  land  or  water." 

1  am  glad  to  think  that  this  question,  to  which  I  to  some  extmt 
assisted  to  direct  attention,  has  been  so  fully  discussed,  but  I  can 
hardly  regard  its  discussion  as  being  now  finally  closed.  It  appean 
to  me  doubtful  whether  eventually  it  will  be  found  possible  to  con- 
cede to  this  globe  that  amount  of  solidity  and  rigidity  which  at 
present  it  is  held  to  possess,  and  which  to  my  mind  at  all  events 
seems  to  be  in  entire  disaccordance  with  many  geological  phenomena. 
Yet  this,  as  the  Rev.  O.  Fisher*  has  remarked,  is  presupposed  in  all 
the  numerical  calculations  which  have  been  made.  I  am  also  doubtful 
whether,  in  the  calculations  which  have  been  made,  sufficient  regard 
has  been  shown  to  the  fact  that  a  great  part  of  the  exterior  of  our 
spheroidal  globe  consists  of  fluid  which,  though  of  course  connected 
with  the  more  solid  part  of  the  globe  by  gravity,  is  readily  capable 
of  readjusting  itself  upon  its  surface,  and  may,  to  a  great  extent,  be 
left  out  of  the  account  in  considering  what  changes  might  arise  from 
the  disturbance  of  the  equilibrium  of  the  irregular  spherical  or  sphe- 
roidal body  which  it  partially  covers.  It  appears  to  me  also  possible 
that  some  disturbances  of  equilibrium  may  take  place  in  a  mysterious 
manner  by  the  redistribution  of  matter  or  otherwise  in  the  interior  of 
the  globe.  Captain  F.  J.  Evans,^  arguing  from  the  changes  now 
going  on  in  terrestrial  magnetism,  has  suggested  the  possibility  of 
some  secular  changes  being  due  to  internal,  and  not  to  external 
causes ;  and  if  it  be  really  true  that  there  is  a  difference  between  the 
longest  and  shortest  equatorial  radii  of  the  earth,  amounting  to  six 
thousand  three  hundred  and  seventy-eight  feet,*  such  a  fact  would 

*  Quart.  Journ.  Geol  Soc,  1878,  p.  36. 

2  IVoc.  R.  S.,  vol.  XXV.  p.  328.    Phil.  Trans.,  vol.  clivii.  p.  271. 

3  Proc.  R.  S.,  1877,  1878.  «  Geol.  Mao.,  July,  1878. 

*  Geol.  Mag.,  June,  1878.  "^  Nature,  May  16,  1878. 

^  Eep.  Brit.  Assoc,  1876,  p.  11.  »  Thomson  and  Tait,  Phil.  p.  648. 
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appear  to  point  to  a  great  want  of  homogeneity  in  the  interior  of  our 
planet,  and  might  suggest  a  possible  cause  for  some  disturbance  of 
equilibrium. 

I  have  mentioned  Professor  Haughton  among  those  who,  from 
mathematical  considerations,  have  arrived  at  the  conclusion  that  a 
geographical  change  in  the  position  of  the  axis  of  rotation  of  the 
ear&  is  not  only  possible,  but  probable.  In  a  recent  paper,  how- 
ever, he  has  maintained,  notwithstanding  this  possibility  or  pro- 
bability, we  can  demonstrate  that  the  pole  has  not  sensibly  changed 
its  position  during  geological  periods.  He  arrives  at  this  con- 
clusion by  pointing  out  that  in  the  Parry  Islands,  Alaska  and 
Spitzbergen,  there  are  Triassic  and  Jurassic  deposits  of  much  the 
same  tropical  character,  and  then  by  a  geometrical  method  fixing 
the  North  Pole  somewhere  near  Pekin,  and  the  south  pole  in 
Patagonia,  within  seven  hundred  miles  of  a  spot  where  Jurassic 
ammonites  occur,  shows  that  such  a  theory  is  untenable.  In  the 
same  way  he  fixes  the  pole  in  Miocene  times  near  Yakutsk,  within 
eight  hundred  miles  of  certain  Miocene  Coal-beds  of  the  Japanese 
islands.  These  objections  are  at  first  sight  startling,  but  I  think  it 
will  be  found  that  if,  instead  of  drawing  great  circles  through  certain 
points,  we  regard  those  points  as  merely  isolated  localities  in  a  belt 
of  considerable  width,  there  is  no  need  of  fixing  the  pole  of  either 
the  Jurassic  or  the  Miocene  period  with  that  amount  of  nicety  with 
which  Professor  Haughton  has  ascertained  its  position.  The  belt 
may  indeed  be  made  to  contain  the  very  places  on  which  the 
objection  is  founded.  Still  the  method  proposed  is  a  good  one,  and 
I  hope  that  as  our  knowledge  of  foreign  geology  extends  it  may  be 
etill  further  pursued.  There  is,  however,  one  farther  consideration 
to  be  urged,  and  that  is  as  to  the  safety  of  regarding  all  deposits  of 
one  geological  period  as  contemporaneous  in  time.  Although  an 
almost  identical  flora  may  be  discovered  in  two  widely-separated 
beds,  it  appears  to  me  that  chronologically  they  are  more  probably 
of  di£ferent  ages  than  absolutely  contemporaneous ;  and,  inasmuch 
as  the  duration  of  the  Miocene  period  must  have  been  enormous, 
there  would  be  time — if  once  we  assume  a  wandering  of  the  poles — 
for  such  wandering  to  have  been  considerable  between  the  beginning 
and  end  of  the  period. . 

I.  must  not,  however,  detain  you  longer  upon  this  phase  of 
geological  speculation,  but  will  advert  to  a  subject  of  more  practical 
interest,  the  discovery  of  PalsBozoic  rocks  under  London.  So 
long  ago  as  1856  the  Kentish  Town  boring  had  shown  that  im- 
mediately below  the  Gkult  red  and  variegated  sandstones  and  clays 
occurred,  which  Professor  Prestwich  r^arded  as  probably  of  Old 
Bed  or  Devonian  age.  The  boring  of  Messrs.  Meux  &  Go.  has 
now  shown  that  under  Tottenham  Court  Road,  at  a  depth  of  little 
more  than  nine  hundred  feet  from  the  surface,  there  are  true 
Devonian  beds,  with  characteristic  fossils,  and  that  Mr.  Gbdwin- 
Austen's  prophecy  of  the  existence  of  PalsBozoic  rocks  at  an  acces- 
sible depth  under  London  has  proved  true.  Professor  Prestwich, 
from  a  consideration  of  the  French  and  Belgian  coal-fields,  inclinea 
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to  the  belief  that  in  the  district  nortli  of  London  Carboniferooi 
strata  may  be  found.  Unfortunately  the  expense  of  oondacting  deep 
borings,  even  with  the  admirable  appliances  of  the  Diamond  Boring 
Company,  is  so  great  that  I  almost  despair  of  another  experimental 
borehole  like  that  carried  out  in  the  Wealden  district  under  the 
auspices  of  Mr.  Willett,  being  undertaken. 

In  the  department  of  theoretical  geology  I  would  call  your  atten- 
tion to  some  experiments  by  M.  Daubree,  of  which  he  has  given 
accounts  at  different  times  to  the  French  Academy  of  Sciences.  In 
these  experiments  he  has  attempted  to  reproduce  on  a  small  scale 
various  geological  phenomena,  such  as  faulting,  cleavage,  jointing, 
and  the  elevation  of  mountain  chains.  Although  the  analogy 
between  work  in  the  laboratory  and  that  on  the  grand  scale  of 
nature  may  not  in  all  cases  be  perfect,  yet  these  experiments  are  in 
the  highest  degree  instructive,  and  reflect  no  little  credit  on  the 
ingenuity  of  the  distinguished  chief  of  the  £cole  des  Mines. 

With  regard  to  recent  progress  in  palaeontology,  I  must  venture 
to  refer  you  to  Professor  Alleyne  Nicholson's  inaugural  address 
lately  delivered  to  the  Edinburgh  Geological  Society,  but  I  cannot 
pass  over  in  silence  the  magnificent  discoveries  in  North  America, 
which  are  principally  due  to  the  researches  of  Professors  Marsh, 
Leidy,  and  Cope.  The  Diceratherium,  a  rhinoceros  with  two  horns 
placed  transversely,  and  the  Dinoeeras,  somewhat  allied  to  the 
elephant,  but  with  six  horns,  arranged  in  pairs,  are  as  marvellous 
as  some  of  the  beasts  seen  by  Sir  John  Maundevile  on  his  travels, 
or  heard  of  by  Pliny.  But  perhaps  the  most  remarkable  series  of 
remains  ever  discovered  are  those  which  so  completely  link  the 
existing  Horse  with  the  Eohippus  and  Orohippns,  and  still  farther 
extend  the  pedigree  of  the  genus  Eqnus,  which  had  already  been 
some  years  ago  so  ably  traced  by  Professor  Huxley. 

Of  these  American  discoveries,  as  well  as  those  made  in  the 
Tertiary  beds  of  Europe,  M.  Albert  Gaudry  has  largely  availed 
himself  in  his  recent  beautiful  volume  on  the  links  in  the  animal 
world  in  geological  times,  a  work  which  will  long  be  a  text-book  on 
the  inter-relation  of  different  orders,  genera,  and  species.  I  am 
tempted  to  make  use  of  some  portions  of  M.  Gkiudry's  own  analysis 
of  the  book,  which  he  communicated  to  the  Geological  Society  of 
France.  Beginning  with  the  Marsupials  of  the  close  of  the  Secon- 
dary and  beginning  of  the  Tertiary  period,  he  shows  that  they  are 
succeeded  by  such  animals  as  the  Fterodon,  the  Hy^tnodon,  the 
Froviverra,  and  ArctocyoUy  which  present  a  mixture  of  marsupial 
and  placental  characters,  and  to  some  extent  justify  a  theory  of  the 
transition  from  one  order  to  the  other.  He  next  examines  the 
marine  Mammalia,  and  points  out  that,  so  far  as  at  present  known, 
they  make  their  appearance  later  than  those  of  the  land,  and  that 
tlie  examination  of  the  pelvis  of  the  Halitherium  tends  to  support 
the  idea  that  the  mammals,  such  as  the  Sirenians,  which  at  the  present 
day  have  no  hind-limbs,  are  descended  from  terrestrial  quadrupeds, 
for  those  limbs  in  the  Halitherium  are  much  less  reduced  than  in  its 
nt  successors,   the  dugong  and  manatee.      After  tracing  the 
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numerons  links  whidi  are  to  be  found  between  the  extinct  and 
living  Pachydermatay  he  proceeds  to  show  that,  notwithstanding  the 
great  distance  between  them  and  the  Kaminants,  transitions  may  be 
seen.  The  earliest  ruminants  were  devoid  of  horns  and  antlers,  but 
possessed  upper  incisors,  and  by  a  comparison  of  the  molars  of 
di£ferent  genera  it  may  readily  be  conceived  how  the  large  bosses  of 
the  omnivorous  teeth  of  the  pachyderms  gradually  shaded  into  the 
small  crescents  of  the  teeth  of  the  ruminants.  At  the  same  time  the  , 
passage  from  the  heavy  and  complicated  extremities  of  the  limbs  of 
the  pachyderms  to  the  simpler  and  lighter  feet  of  the  ruminants  can 
be  traced.  The  history  of  the  Horse  family  is  also  discussed,  and  the 
descent  of  existing  proboscidians  from  the  mastodonts  is  shown  to  be 
probable,  though  the  previous  forms  from  which  the  mastodonts  and 
dinotheria  are  derived  are  as  yet  unknown.  Nor  can  the  origm  of 
the  Camivora  as  yet  be  suggested,  though  passages  between  the  six 
existing  families  of  the  order  may  be  observed.  In  conclusion, 
M.  Gaudry  devotes  a  chapter  to  the  Quadrumana,  and  thinks  that 
palsdontological  observations  tend  to  diminish  the  isolation  in  which 
these  mammals  now  stand  with  r^ard  to  the  other  orders. 

One  of  the  most  important  features  insisted  on  by  Mens.  Gaudry 
is  that  to  which  I  have  already  alluded — the  development  of  the 
complicated  molars  of  most  mammals.  His  view  is  that  by  a  com- 
parison with  early  and  with  foetal  forms  the  probability  may  be 
shown  of  these  compound  teeth  being  made  up  of  what  in  earlier 
forms  were  simple  teeth— or,  as  he  termed  them,  denticules — which 
have  coalesced  in  the  same  manner  as  have  some  other  parts  of  the 
normal  bony  skeleton.  In  the  compound  teeth  the  denticuled  in 
some  cases  preserve  their  original  conical  form,  as  in  the  pig  tribe  ; 
in  others  are  elongated  transversely,  so  as  by  their  junction  to  form 
ridges,  as  in  the  tapirs ;  while  in  others,  again,  they  are  drawn  out 
into  longitudinal  crescents,  as  in  the  ruminants.  Between  these 
forms  there  are,  of  course,  innumerable  transitions.  They  do  not, 
however,  appear  to  me  to  a£fect  the  importance  of  Mens.  Gaudry*s 
observations,  which  must  be  regarded  as  of  the  highest  value  in  all 
attempts  to  trace  the  inter-relation  of  different  forms  of  mammalian 
life.  I  must  not,  however,  detain  you  longer  on  this  subject,  as  I 
trust  that  I  have  said  enough  to  show  the  importance  and  interest  of 
this  book. 

The  discoveries  of  early  forms  of  birds  with  teeth  do  not  come 
within  M.  Gaudry's  province;  but  Professor  Marsh  has  largely 
added  to  our  knowledge  of  these  remarkable  forms.  The  Tertiary 
Odontopteryx  toUapicus  from  Sheppy,  described  by  Professor  Owen, 
seems  rather  to  be  endowed  with  bony  tooth-like  processes  in  the 
jaw,  than  actual  teeth,  and  the  head  of  the  ArgiUomis  from  the  same 
locality  is  at  present  unknown.  But  the  Hesperomis  and  Ichthyomia 
from  the  Cretaceous  beds  of  America  possess  veritable  teeth,  in  the 
one  case  set  in  a  long  groove  in  the  jaw,  and  in  the  other  in  actual 
sockets.  Such  intermediate,  or,  as  Professor  Huxley  would  term 
them,  intercalary  forms,  tend  materially  to  bridge  over  the  gap 
which  at  first  sight  appears  to  exist  between  reptiles  and  birds,  but 
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which  to  many  palaeontologists  was  far  from  being  impassable,  hag 
before  the  discoveries  just  mentioned.  The  ampbiooeloas  oharader 
of  the  vertebrsd  of  Ichthyomis  presents  another  most  remarkable 
peculiarity,  which  is  also  of  high  significance.  I  hear  Tomours  of 
the  discovery  of  another  Archaopteryx  in  the  Solenhofen  Slates, 
which  is  said  to  present  the  head  in  a  much  more  complete  oonditioii 
than  that  in  which  it  occurs  on  the  magnificent  slab  now  in  the  British 
Museum.  As  yet,  I  believe,  the  jaws  have  not  had  the  matrix 
removed  from  them ;  but  should  they  prove  to  be  armed  with  teeth, 
it  will  to  me  be  a  cause  of  satisfaction  rather  than  surprisey  as  con- 
firming an  opinion  which  some  fifteen  years  ago  ^  I  ventured  to 
express,  that  this  remarkable  creature  may  have  been  endowed  with 
teeth,  either  in  lieu  of  or  combined  with  a  beak. 

I  must  not,  however,  detain  you  longer  with  any  of  these  genersi 
remarks,  which  are,  moreover,  becoming  somewhat  egotistic,  but 
will  now  proceed  to  the  business  of  this  Section,  in  which  I  hope 
that  more  than  one  paper  of  great  value  and  interest  will  be  forth- 
coming.  


THE  MONTE  GENEROSO  BEDS. 

Sir, — The  French  Geologist  who  supplied  information  to  yonr 
correspondent,  the  Rev.  E.  M.  Cole,  respecting  the  age  of  these  beds 
(Geol.  Mag.,  Decade  IT.  Vol.  V.  p.  378),  provided  him  with  an 
order  of  succession  which  has  been  well  known  for  mcmy  years. 
But  if  the  divisions  and  their  relative  positions  be  clear  enough, 
their  correlation  with  members  of  the  Mesozoic  series  in  England  is 
fraught  with  considerable  difliculty. 

The  Como  deposits  in  question  include  all  the  representatives  of 
the  Lias  and  Oolites  and  something  more.  Taking  them  one  by  one 
in.  descending  order,  as  given  by  Mn  Cole's  informant,  we  have : 

1.  MajoHque:  A  white  compact  limestone,  the  celebrated  Majolica 

marble  of  the  Italians.  This  must  not  be  mistaken  for  the  very 
similar  Btancone,  which  was  for  a  long  time  confounded  with  it, 
but  which  is  now  known  to  be  of  Neocomian  age,  and  conse- 
quently newer  than  the  Majolica,  The  latter  is  not  only  like 
Chalk  in  appearance,  but  is,  like  it,  also  characterized  by  the 
presence  of  flints  in  nodules  and  bands ;  it  is  often  dolomitic  and 
contains  but  few  fossils,  principally  Trigonellites  and  rarely 
Ammonites, 

2.  Calcaire  rouge:  The  Calcare  rosso  ammonitifero  of  Lombardy,  not 

altogether  the  representative  of  the  division  which  goes  by  that 
name  in  the  Apuan  Alps.  This  red  deposit  teems  with  Ammo- 
nites of  species  which,  to  the  confusion  of  the  palsBontologist, 
are  elsewhere  characteristic  of  various  horizons  from  the  Lower 
Lias  to  the  Upper  Oolite. 

'  Nat.  Hist.  Rev.,  vol.  v.  p.  421.  According  to  Dr.  Haberleiii,  the  possessor  of 
the  second  specimen,  thejatcs  are  armed  with  teeth  !  thus  confirming  Dr.  John  Evans's 
opinion  founded  on  an  examination  of  the  specimen  preserved  in  the  British  Museum ; 

rhere,  on  the  slab  of  stone  which  contains  it,  a  small  detached  jaw  with  teeth  is  to 

"^  ■^n  Ijin^.—EDiT.  Gbou  Milq» 
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3.  Caleaire  gris  (not  gr^) :  The  ornamental  marble  of  Saltrio,  con- 

taining Ammofdtes  BueJdandL 

4.  Caleaire  noir :  The  black  marble  of  Yarenna.    This  is  the  base  of 

the  "  Jura  Lombard.'*    Beneath  it  occur  in  places,  and  especially 
between  Lakes  Lugano  and  Oomo,  (5)  some  extremely  interesting 
black  fossiliferous  shales,  which  have  been  referred  to  the  St 
Cassian  Group  by  Escher  v.  d.  Linth.    Below  these  again  comes 
6.  The  ConglomSrat  mamettx :  in  which  fossils  are  not  known,  but 
which  is  referred  to  the  Eeuper  horizon  by  Omboni. 
How  very  different  a  set  of  deposits  we  have  here  from  anything 
to  be  found  in  England  between  Trias  and  Neocomian  will  be  seen 
at  once ;  but  if  an  attempt  at  correlation  could  serve  any  useful  pur- 
pose, it  would  be  something  like  this : 


Biancone. 

Lower  Neocomian  of  Speeton. 

Majolica. 

Portlandian. 
Kimmeridgian. 
Corallian. 
Oxfordian. 
Lower  Oolite. 

Calcare  rosso  amTnonitifero 
{  =  C(Ucaire  rouge). 

Upper,  Middle,  and  Lower  Lias  ^ 
part). 

Marmo  di  Saltrio 
{tr^Cakairegrit), 

Lower  Lias  {Ammonitet  oxynoUu  and 
Amm,  Bueklandi  horizons). 

Calcare  degli  etampi  {^Caleaire  ncir). 

White  Lias. 

Gnggiate  Beds. 

lUiflBtic. 

Oreen  and  Red  Marls  (=  Conglotnerai 
manuttz). 

Eeuper. 

It  should  be  noted  that  all  these  divisions  are  perfectly  conform- 
able, and  that,  notwithstanding  the  very  marked  difference  in  colour, 
the  white  majolica  and  the  red  ammonite  bed  are,  palsBontologically 
speaking,  one  continuous  whole. 

Much  information  (and  extremely  varied,  for  no  two,  of  the  earlier 
authors  at  least  agree  in  their  interpretation  of  the  facts)  on  this 
subject  will  be  found  in  the  papers  of  Pasini,  Catullo,  Curioni,  de 
Filippi,  de  CoUegno,  Omboni,  etc.  From  a  paper  by  the  last-named 
geologist,  much  of  the  above  matter  is  taken. 

The  "  Calcare  rosso  **  of  the  Apuan  Alps,  the  vicissitudes  of  which 
I  described  in  1876,^  appears  to  be  probably  the  equivalent  of  the 
Marmo  di  Saltrio.  G.  A.  Lebouk. 

2,  WOODHOUSB  TbJUUOB,  GATBBHBAD-ON-TnnS. 

1  *<  The  Carrara  Marbles,"  Gbol.  Mao.,  Decade  II.  Vol  III.  p.  289. 
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PROFESSOR  PHILLIPS  ON  THE  BEYONIAN  QITBSTION. 

Sm,— The  address  delivered  in  1869,  by  John  Phillips,  at  Wert- 
ward  Ho !  and  which  has  just  been  oommonioated  by  Mr.  HaU  (see 
Gbol.  Mao.,  July,  1878,  p.  307),  seems  to  contain  tihe  latest  viewi 
of  that  geologist  upon  the  Devonian  rocks,  though  not,  I  believe,  hii 
latest  expression  of  them.  A  more  recent  statement  ia  given  in  the 
''  Geology  of  Oxford  and  the  Valley  of  the  Thames  "  (1871),  pp  79, 
80.  As  fieu:  as  I  can  understand,  these  views  of  Prof.  JPhillipe  do  not 
differ  so  very  materially  from  those  advocated  by  Jukes.  In  the 
address  just  mentioned,  Phillips  says, ''  Gentlemen  of  Devon,  never 
give  up  the  independence  of  your  country,  hold  to  the  North  Devos 
series,  and  if  it  is  the  case,  as  Mr.  Godwin- Austen  invitee  us  to  be- 
lieve it  is,  that  they  do  not  belong  to  the  Old  Bed  Sandstone  series, 
do  not  let  us  conclude  that  because  they  do  not  belong  to  that  pa]> 
ticnlar  class,  they  are  nothing  at  all." 

In  the  ''  G^ogy  of  Oxford,"  eta,  are  the  following  passages, 
"  The  Old  Bed  Sandstone  is  followed  in  Devonshire,  and  still  more 
remarkably  in  the  South  of  Ireland,  by  a  series  of  shales,  grits,  and 
limestones,  with  a  large  suite  of  fossils,  having  on  the  whole  a  con* 
siderable  analogy  with  the  still  richer  associations  of  marine  life  in 
the  Carboniferous  Limestone.  ....  Near  Linton,  in  North  Devon, 
and  south  of  Plymouth,  we  may  satisfy  ourselves  of  the  fact  that  Old 
Bed  Sandstone  underlies  the  Devonian  beds.  ....  From  this  series 
of  rocks  to  the  Carboniferous  strata  which  succeed,  the  transition  is 
easy,  so  easy  indeed  that,  in  the  opinion  of  Sir  B.  Griffith  and  Mr. 
Jukes,  the  whole  of  the  Devonian  series  may  be  united  with  the 
lowest  members  of  the  Irish  Carboniferous  group  (Yellow  Sandstone 
and  Carboniferous  shale).  What  seems  ascertained  truth  is  the  close 
approximation  in  time,  in  character  of  deposition,  and  in  forms  of 
life,  of  the  South  Hibernian  and  South  Welsh  rocks ;  while  the 
North  Devonian  strata  contain  with  these  a  somewhat  lower  group, 
not  distinctly  represented  in  Wales  or  Ireland."  * 

Here,  then,  we  find  that  Professor  Phillips  would  separate  the  Old 
Bed  Sandstone  from  the  Devonian  rocks,  while  he  speaks  of  the 
Devonian  fauna  as  *' continued  into  the  cognate  though  later  Car- 
boniferous Period."  I  think  by  the  term  Carboniferous  Period,  as 
here  used.  Professor  Phillips  referred  especially  to  the  fauna  of  the 
Carboniferous  Limestone.  But  his  views,  so  cautiously  expressed, 
seem  to  approximate  towards  those  of  Jukes,  and  to  render  their 
differences  chiefly  a  question  of  terms  or  classification.  Certainly 
they  are  distinct  from  the  contention  of  Mr.  Etheridge,  "  that  the 
Devonian  system,  as  a  group  of  strata,  both  physically  and  palax>n- 
tologically,  may  be  (as  long  ago  proposed)  naturally  and  con- 
veniently divided  into  a  Lower,  a  Middle,  and  an  Upper  Series,  and 
that  there  is  valid  reason  for  believing  that  this  system  equalled  in 
time  the  whole  of  the  deposits  of  the  Old  Bed  Sandstone  proper." 
(Quart  Joum.  (Jeol.  Soc.,  vol.  xxiii.  p.  686.)  A  statement  which 
is  perhaps  a  little  modified  by  a  subsequent  admission  (p.  690)  that, 

^  These  remarks  were  quoted  by  me  in  a  review  of  the  DeYoniaa  Qaeetion,  Quart 
Joum.  Sdence,  Jan.  1873. 
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''On  the  atlier  hand,  there  may  be  grounds  for  endeavouring  to 
establish  contemporaneity  between  the  Upper  Devonian  series  of 
North  Devon  and  the  Oarboniferous  Slates  of  the  South  of  Ireland, 
upon  the  principle  of  geographical  rather  than  chronological  distinc* 
lion." 

Guided  by  the  opinion  of  Professor  Phillips,  we  should  certainly 
be  warranted  in  keeping  distinct  the  application  of  the  terms  Old 
Bed  Sandstone  and  Devonian,  which,  when  used  synonymously,  are 
productive  of  much  confusion.  In  this  case  of  course  the  Lynton 
Sandstone  (Foreland  Qroup)  of  North  Devon  should  be  classed  as 
Old  Red  Sandstone,  and  excluded  from  the  Devonian  system. 

MoirsBHOLD,  Norwich,  lOth  Auguaty  1878.         HoBACB  B.  WoODWABD. 


••  COAST  ICE  ON  A  RISING  AREA."    REPLY  TO  DR.  G.  LINNARSSON. 

Sib, — Two  days  ago,  on  returning  from  a  long  geological  excur- 
«ion  which  I  had  been  making  in  the  interior  of  Japan,  I  received 
several  numbers  of  the  Geoloqioal  Magazine.  In  the  Number  for 
Pebruary  I  read  the  letter  of  Dr.  G.  Linnarsson  of  Stockholm,  criticizing 
my  views  of  glacial  phenomena  which  appeared  in  a  series  of  articles 
in  your  Magazine,  under  the  title  '*  Across  Europe  and  Asia."  If 
Dr.  Linnarsson  had  awaited  the  completion  of  my  article,  or  if  he 
had  only  carefully  interpreted  those  portions  of  it  that  were  in  his 
possession  at  the  time  he  wrote,  I  think  he  would  have  seen  that  he 
was  campaigning  against  an  imaginary  foe. 

He  has  failed  to  observe  that  my  travelling  notes  are  only  a 
series  of  fragmentary  jottings  collected  and  subsequently  written  out 
under  considerable  difficulties.  Under  such  circumstances,  feeling 
my  fallibility,  I  held  myself  open  to  correction,  and  it  is  therefore 
now  with  pleasure  that  I  thank  Dr.  Linnarsson  for  having  incident- 
ally pointed  out  my  oversight  in  ascribing  the  presence  of  erratics  at 
higher  levels  than  their  parent  rock  to  the  action  of  coast-ice  on  a 
rising  area. 

I  say  oversight,  advisedly,  first  because  this  is  a  phenomenon  which 
is  so  universally  referred  to  by  all  writers  on  these  subjects,  and 
secondly  because  previously  I  myself,  in  the  Geological  Magazine, 
Dec.  IL  Vol.  III.  Nos.  7,  8,  and  9,  when  writing  more  generally  upon 
coast-ice,  have  referred  to  these  appearances  as  being  due  (as  many 
before  the  have  suggested)  to  the  action  of  coast-ice  on  oscillating  or 
sinking  areas.  For  example,  in  one  place  I  make  the  following 
note :  *'  Other  blocks  again  are  shown  to  have  travelled  from  low 
plains  to  the  summit  of  hills,  which  is  explained  on  the  supposition 
that  the  land  at  the  time  of  their  deposit  was  slowly  subsiding,  and 
the  ice-fields  of  successive  years  were  raising  the  blocks  higher  and 
higher." 

With  r^ard  to  the  remainder  of  Dr.  Linnarsson's  criticisms,  which 
form  the  substance  of  his  correspondence,  I  hardly  feel  that  I  can 
acquiesce  in  the  manner  in  which  he  has  treated  my  communication. 
One  of  my  chief  objects,  when  speaking  of  the  appearances  which  I 
saw  along  the  coast  of  Finland,  was  to  show  that  it  was  by  no  means 
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neoessary  for  us  to  imagine  that  every  sorfaoe  which  had  been 
scratched  and  rounded  must  have  heen  produced  by  a  oontinental 
sheet  of  ice,  and  it  was  only  to  explain  some  of  these  phenomena  tint 
I  suggested  an  agency  which  I  believe  has  been  hitherto  overlooked, 
namely,  that  of  coast-ice  upon  a  rising  area. 

Dr.  Linnarsson  seems  to  say  that  from  observations  made  from 
railway  waggons  and  steamers  I  think  myself  **  enabled  to  refute  the 
views  since  many  years  universally  held  by  Scandinavian  geologLBts." 

If  he  had  only  read  my  paper  attentively,  he  would  have  seen  that 
my  views  respecting  the  glaciated  appearance  of  low  countries  like 
that  I  saw  in  Finland  are  by  no  means  only  founded  on  what  I 
saw  from  the  railway  waggons  of  Scandinavia  and  the  steamers  of 
Finland,  but  also  from  observations  made  upon  the  shores  of  some 
"  4000  miles  of  coast  in  Labrador  and  Newfoundland." 

To  convince  Dr.  Linnarsson  that  I  am  not  acting  so  impulsively  as 
he  would  give  the  readers  of  the  Geoloqioal  Maoazink  to  under- 
stand, I  may  refer  him  to  several  other  papers  which  I  had  pre* 
viously  written  upon  the  same  subject  (see  Gxol.  Mao.,  Decade  IL 
Vol.  III.  1876,  pp.  303,  846,  408 ;  see  also  Quart,  Joum.  QeoL  Soc 
1877,  vol.  xxxiii.  p.  929).  If,  even  without  reading  these  papers,  he 
had  only  waited  until  the  completion  of  my  travelling  notes,  he 
would  have  saved  himself  the  necessity  of  proving  the  fonno: 
existence  of  a  glacial  climate. 

In  several  portions  of  my  paper  J  very  distinctly  incline  towards 
what  Dr.  Linnarsson  would  make  me  appear  to  be  so  antagonistic  to. 
Thus,  for  example,  in  the  Geological  Magazine,  February,  1878, 
near  the  end  of  my  paper,  I  most  clearly  state  that  my  arguments 
antagonistic  to  the  existence  of  polar  ice  caps  have  ''only  been  in 
regard  to  the  production  of  certain  phenomena."     Amongst  these 
apparent  glacial  phenomena  are  appearances  which  may  be  seen  in 
many  portions  of  the  world  along  coast-lines,  islands  and  low-lying 
countries,  and  as  illustrations  of  these  I  have  taken   portions  of 
Finland,  Labrador,  and  Newfoundland.     Dr.  Linnarsson  admits  the 
abrading  power  of  coast-ice,  and  I  also  think  that,  in  common  with 
other  geologists,  he  will  admit  that  there  is  such  a  phenomenon  as 
the  slow  elevation  of  the  land.     If  he  does  this,  I  think  he  must 
then  admit  the  existence  of  those  effects  which  must  result  from  the 
combined  influence  of  these  two  agents.      That  aU   the  so-called 
glacial  phenomena  to  be  seen  in  Sweden  and  other  countries  are  by 
any  means  to  be  attributed  to  this  action,  I  by  no  means  wish  to 
advocate,  but  at  the  same  time  I  must  confess  that  I  should  find  it 
difficult  to  prove  that  the  scratches  and  furrows  which  I  have  often 
seen  upon  a  coast-line,  and  which  the  inhabitants  tell  me  were  pro- 
duced by  the  shore  ice  of  last  winter,  were  the  consequence  of  some 
continental  glacier  which  may  have  perhaps  existed  some  10,000 
years  ago.     It  would  be  equally  antagonistic  to  my  sense  of  reason 
to  endeavour  to  prove  a  similar  origin  for  the  furrows  and  scratches 
which  in  a  rising  area  graduate  upwards  and  backwards  from  those 
produced  last  year  at  the  water's  edge. 

The  chief  point  which  I  wished  to  advocate  in  my  paper  was  that 
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the  action  of  ooast-ice  on  a  rising  area  has  prodnoed  many  pheno- 
mena which  are  inexplicable  by  the  action  of  continental  glaciers. 
On  the  other  hand,  Dr.  Linnarsson  shows  that  there  are  phenomena 
which  I  did  not  even  refer  to  in  my  paper  that  may  have  been  pro- 
duced by  a  continental  sheet  of  ice,  but  not  by  coast-ice. 

To  all  this  I  see  no  objection,  and  so  long  as  Dr.  Linnarsson  only 
claims  a  reasonable  proportion  of  the  so-called  glacial  phenomena  as 
the  result  of  the  action  of  his  continental  sheet,  I  shall  be  content 
to  see  the  leavings  sifted  and  a  certain  proportion  of  them  set  down 
to  the  credit  of  ooast-ice  acting  on  a  rising  area. 

So  much  then  for  the  general  argument  embraced  in  Dr.  Linnars- 
son's  communication.     I  will  now  turn  to  one  or  two  of  his  details. 

First,  I  cannot  agree  with  Dr.  Linnarsson  that  the  scratches  pro- 
duced by  coast-ice  are  "  independent  of  the  slope  of  the  land."  In 
making  this  statement,  it  appears  to  me  that  he  has  apparently 
omitted  to  notice  the  most  effective  of  the  methods  in  whidi  coast- 
ice  acts.  Looking  at  a  coast-line  generally,  the  slope  of  the  land 
will  be  at  right  angles  to  its  direction,  and  the  scratchings  and 
furrowings  due  to  the  action  of  ice  being  produced  by  the  driving 
in  or  ''  raftering "  of  the  pack-ice  upon  the  ice-foot  or  "  balacada," 
the  markings  which  are  produced  must  be  parallel  to  this  move- 
ment, that  is,  at  right  angles  to  the  shore-line.  If,  on  the  other 
hand,  the  ''  currenta  and  winds  "  are  very  oblique  or  parallel  to  the 
ooast-line,  the  balacada  will  usually  remain  unmoved,  and  will  only 
be  chafed  as  the  pack-ice  floats  along  its  outer  edge,  or  what  the 
inhabitants  of  Labrador  and  Newfoundland  call  the  ''  drain." 

If  we  consider  the  way  in  which  scratchings  are  produced  by  the 
dragging  and  sliding  of  coast-ice  back  towards  the  sea,  and  say 
the  markings  which  will  remain  behind  are  independent  of  the  slope 
of  the  land,  we  shall  next,  perhaps,  be  induced  to  say  that  the 
direction  in  which  rain  runs  from  Uie  roof  of  a  house  is  also  inde- 
pendent of  the  direction  of  its  greatest  slope. 

At  the  commencement  of  Dr.  Linnarsson's  letter,  when  speaking 
of  my  arguments,  he  says,  ''  I  think  that  most  of  your  readers  do 
not  need  to  have  the  failings  of  such  reasonings  pointed  out."  The 
reasons  here  referred  to  are  my  arguments  in  reference  to  the  action  of 
ooast-ice.  What  must  the  readers  of  the  GsoLOGiOAii  Magazine  think 
of  the  authoritative  statements  and  arguments  of  Dr.  Linnarsson, 
when  they  read  at  the  termination  of  his  letter  that  <'  The  rocks  (on 
the  coasts  of  Sweden  and  Finland)  are  there  so  hard  and  compact, 
and  the  force  of  the  waves  so  small,  that  their  action  on  the  rock 
surface  is  hardly  perceptible.  A  rock  may  be  exposed  there  for 
hundreds  of  years  to  the  waves  without  the  finest  scratches  being 
abraded."  Whilst  remembering  that  a  rock  exposed  to  the  waves 
must  also  be  exposed  to  the  atmosphere,  six  lines  further  on  they 
then  read  that,  ''In  the  open  air  the  scratches  usually  become 
obliterated  in  a  few  years,"  etc.  ? 

All  this  is  brought  forward,  I  may  mention,  in  opposition  to  an 
opinion  I  expressed  that  all  glaciated  rocks,  in  order  that  their 
scratched  surfaces  may  retain  their  character,  ''must  always  have 
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Temained  abote  sea-level  or  else  have  been  sbielded  by  some  pro- 
teoUve  covering  daring  both  subsidence  and  elevation/'  a  view  from 
which  I  do  not  yet  see  the  slightest  reason  to  waver.  If  the  oonntiy 
is  a  cold  one»  such  for  example  as  we  might  imagine  daring  tlio 
retreat  of  a  continental  covering  of  ice  from  the  face  of  Sweden,  and 
depression  were  taking  place,  coast-ice,  it  seems  to  me,  would  grind 
every  furrow  from  the  surface  of  the  rocks,  as  they  gradually  sank 
down  at  any  particular  time,  the  abrading  action  taking  place  from  a 
level  above  that  of  high  water  to  one  below  low  water,  and  every 
portion  of  the  surface  of  the  countiy  being  many  thousands  of  yean 
in  sinking  through  the  abrasion  region.  On  elevation  this  erasing 
action  would  be  repeated.  K  the  country  were  not  a  cold  one, 
atmospheric  agencieB,  a  continual  exposure  to  an  artillery  of  pebbles, 
the  grinding  of  sand,  and  like  causes,  would,  according  even  to  the 
most  modest  calculations,  have  sufficient  time  for  the  piodnction  of  a 
similar  result  John  Miuf  k. 

Tb2>o,  June  17, 1878. 


THE  QUARTZITES  OF  THE  BUNTER  CONGLOMERATE. 

Sib, — As  I  happen  to  be  very  familiar  with  the  qnartzitea  of  the 
Bunter  Conglomerate  of  the  Midland  Counties,  may  I  be  allowed  to 
question  the  correctness  of  one  or  two  statements  which  have  been 
lately  made  in  the  pages  of  the  Geologioal  Maoazink.  1.  I  can- 
not admit  that  the  typical  quartzite  of  thb  Conglomerate  is  litho- 
logically  identical  with  that  from  Budleigh  Salterton.  2.  I  greatly 
doubt  whether  the  fossiliferous  pebbles  from  the  Birmingham  Drift, 
now  in  Jermyn  Street  Museum,  have  been  derived  from  the  Bunter 
Conglomerate.  At  any  rate,  the  rock,  though  a  quartzite,  does  not 
appear  to  me  that  of  the  Bunter  pebbles  :  it  more  nearly  resembles 
that  from  the  Lickey.  3.  I  have  many  times  searched  for  fossils 
in  the  pebble  beds  of  Staffordshire,  and  have  only  twice  found  them : 
these  were  obscure  annelid  burrows.  Hence  I  cannot  admit  that 
there  is  any  paladontological  identity  with  the  Budleigh  Salterton 
rock.  From  physical  considerations  it  would  require  very  strong 
evidence  to  induce  us  to  believe  that  the  Midland  Counties  pebbles 
came  from  S.  Devon.  I  have  no  doubt  Professor  Hull  is  right  in 
assigning  to  them  a  northern  origin  (Permian  and  Trias  of  Midland 
Counties,  p.  60).  I  have  myself  identified  them  in  more  than  one 
place  in  Scotland.  For  example,  they  abound  in  a  conglomeratic 
red  sandstone  of  Lower  Carboniferous  age  in  Arran,  mixed,  how- 
ever, with  fragments  of  schist,  grey  wacko,  etc.  These  softer  rocks 
have  almost  invariably  perished  on  tlie  southward  journey — so  that 
it  is  a  case  of  survival  of  the  most  durable.  T.  Q.  Bonnet. 

St.  John's  College,  Cambbidgb,  Aug,  12. 
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RICHARD    DAINTREE,    C.M.Q.,    F.Q.S. 

BoBK  Dbcxhbbb,  1831.    DiXD  JuNS  20,  1878. 

Australian  Geoloot  has  sustained  another  severe  loss  in  the 
death  of  Mr.  K.  Daintree,  C.M.G.,  F.O.S.,  following,  as  it  has  done,' 
8o  rapidly  on  that  of  the  Rev.  W.  B.  Clarke.  P.B.S.* 

Bichard  Daintree  was  bom  at  Hemingford  Abbotts,  Huntingdon- 
shire, in  Deoember,  1831,  and  was  educated  at  the  Bedford  Grammar 
School,  and  Christ's  College,  Cambridge.  In  consequence  of  delicate 
health,  Mr.  Daintree  was  recommended  a  voyage  to  Australia,  and 
he  accordingly  set  sail  for  Melbourne,  where  he  landed  in  the  lattei: 
part  of  1852.  A  taste  for  scientific  pursuits  brought  him  in  contact 
with  Mr.  A.  R.  C.  Selwyn,  the  Government  Geologist  of  Victoria, 
whose  Assistant  he  became  in  1854;  but  finding  that  a  more  practical 
acquaintance  with  Chemistry  and  Assaying,  than  he  at  that  time 
possessed,  would  prove  beneficial  to  his  prospects,  he  returned  to 
England  in  1856,  and  entered  Dr.  Percy's  Laboratory.  Here  he 
worked  from  November,  1856,  to  May,  1857,  and  became  a  practised 
and  efficient  assayer,  to  which  he  added  a  knowledge  of  practical 
photographic  chemistry. 

In  August,  1857,  Mr.  Daintree  returned  to  Melbourne,  and  in  1858 
was  appointed  Field-Geologist  on  the  Greological  Survey  of  Victoria, 
which  had  by  this  time  been  established  on  a  firm  basis  through  tho 
energy  of  its  Director,  Mr.  A.  R.  C.  Selwyn,  F.RS.  During  his 
connexion  with  the  Victorian  Survey,  for  the  next  seven  years,  Mr. 
Daintree  was  occupied  in  field  work  and  exploration  of  no  ordinary 
nature.  He  commenced  in  the  Western-port  district,  directing  his 
attention  to  the  Cape  Patterson  Coal  Series.  In  exploring  the  Bass 
Biver,  Daintree  underwent  much  hard  camp  life,  and  endured  many 
privations  in  penetrating  the  dense  scrubs  of  that  district 

The  Geology  of  the  Bellerine  District'  next  engaged  Mr. 
Daintree's  attention,  lying  between  Geelong  and  Queenscliff.  A 
series  of  extensive  borings  for  Coal,  through  the  Mesozoic  rocks,  were 
there  superintended ;  but,  although  about  4000  feet  of  strata  were 
passed  through,  the  search  was  fruitless.  On  leaving  Bellerine  in 
1861,  Mr.  Daintree  was  joined  by  Mr.  C.  S.  Wilkinson  (now  Govern- 
ment Geologist  for  N.  S.  Wales)  as  his  Assistant,  and  until  March, 
1864,  they  were  conjointly  engaged  in  the  geological  survey  of  the 
country  from  Bass'  Straits  on  the  south,  to  Bacchus  Marsh  on  the 
north,  including  the  important  agricultural  and  pastoral  districts  of 
the  Barrabool  Hills,  the  Annakie  Hills,  the  Werribee  River  and 
Ballan  district.  At  the  end  of  May,  1863,  a  most  important  report 
was  prepared  by  Mr.  Daintree,  on  this  work,  and  when  published  it 

1  See  ObituaiT  Notice  of  Bey.  W.  B.  Clarke,  Obol.  Mao.  August,  p.  379. 

>  Report  on  tne  Geology  of  Bellerine  and  Pagwit,  with  Special  Reference  to  the 
probable  Existence  of  workable  Coal  Seams  in  those  Parishes.  By  B.  Daintree.^ 
Vict  Geol.  Surrey  Beport,  1861-62,  No.  43,  folio,  pp.  16-23.    Melbourne. 

Jfo/T*.— Sheet  23  N.E.  (Portarlington) ;  23  b.£.  (St.  Leonards);  23  B,W. 
(Point  Henry) ;  Sheet  29  N.E.  (Queenscliff);  29  N.W.  (Lake  Connewarre).  By 
k.  Daintree,  under  the  direction  of  A.  B.  C.  Selwyn. 
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was  prefaced  with  the  following  official  remarks :  *'  The  following 
interesting  Report  ....  contains  so  much  matter  having  an  im- 
mediate reference  to  the  economic  development  of  the  Colony,  into'- 
woven  with  purely  scientific  observations,  that  it  has  been  deemed 
desirable  to  publish  it  in  extenso,  without  waiting  to  prod  ace  it  in 
connexion  with  a  series  of  similar  reports  or  memoirs,"  etc. 

Some  of  the  less  known  parts  of  Victoria  were  explored  bj 
Messrs.  Selwyn  and  Daintree  in  company,  and  on  one  of  tiiese  trips 
a  tour  of  the  gold-fields  was  made,  and  many  most  interesting 
photographs  illustrative  of  gold-field  geology  were  taken. 

In  1864  Daintree  resigned  his  connexion  with  the  Victorian  CiTil 
Service,  and  entered  into  pastoral  pursuits  on  the  River  Clarke, 
Burdekin  River,  North  Queensland ;  but  during  one  of  the  several  trips 
made  by  him  about  that  time  between  Melbourne  and  the  northem 
colony,  he  found  time  to  make  a  partial  examination  of  the  N.  & 
Wales  Coal-field.  The  results  of  his  observations '  are  important, 
because  they  tended  in  a  great  measure  to  support  the  views  held 
by  the  late  Bev.  W.  B.  Claorke  on  the  age  and  position  of  the  Coal- 
measures  of  N.  S.  Wales.  Notwithstanding  the  danger  and  hardships 
of  a  **  squatting  "  life  in  lat.  19°  S.,  Mr.  Daintree's  geological  studies 
were  not  neglected,  for  several  useful  examinations  of  his  own  district 
were  made.  In  1866  a  paper  was  read  by  him  before  the  Boyal 
Society  of  N.  S.  Wales,  to  the  effect  that  auriferous  traots  would  be 
foimd  in  the  neighbourhood  of  the  Endeavour  Biver,  a  statement 
which  was  borne  out  eight  years  later  by  the  discovery  of  the  Palmer 
Gold-field. 

The  full  report,'  previously  referred  to,  bearing  on  the  work  done 
by  Daintree  and  Wilkinson  in  the  Ballan  district  of  Victoria,  was 
not  published  in  detail  until  1 866,  when  it  appeared  as  one  of  the 
regular  reports  of  the  Survey.  In  this  report  Daintree  discussed 
at  some  length  the  various  modes  of  occurrence  of  gold,  and  in 
reference  to  the  origin  of  the  precious  metal,  he  said :  "  I  had  long 
ago  come  to  the  conclusion,  that  most,  if  not  all,  the  gold  in  the 
quartz  reefs  was  derived  from  the  rocks  in  which  these  reefs  occur. 
That  the  strata  themselves  received  their  supply  of  gold  at  the 
period  of  their  deposition  from  the  ocean  in  which  they  were  de- 
posited. That  organic  matter,  and  the  gases  generated  therefrom 
on  decomposition,  sulphuretted  hydrogen,  etc.,  was  the  cause  of  the 
precipitation,  and  that  the  amount  of  metallic  deposit  was  in  pro- 
portion to  the  amount  of  organic  matter  deposited  with  the  oceanic 

^  On  the  Age  of  the  N.  S.  Wales  Coal-heds.  By  R.  Daintree.— The  Geologist, 
1864,  vol.  vii.  pp.  72-79. 

*  Report  on  the  Geology  of  the  District  of  Ballan,  including  Remarks  on  the  Age 
and  Origin  of  Gold.  By  R.  Daintree.  Vict.  Geol.  Survey  Report,  1866,  No.  15, 
pp.  11,  folio.     Melbourne. 

Maps.-'Sheei  8  S.E.  (Tameit) ;  8  S.W.  (Mount Mary);  Sheet  12  S.E.  (Balliang); 
Sheet  19  N  E.  (Annakie  Hills);  19  S:E.  (Station  Peak):  20  N.W.  (Yon-Tangs); 
20  S.W.  (Rothwell) ;  Sheet  23  N.W.  (Point  Wilson,  etc) ;  Sheet  24  S.E.  (Geelonc) ; 
Sheet  28  N.E.  (German  Town) ;  and  Sheet  29  S.W.  (Thompson's  Creek).  By^R. 
"^aintree  and  C.  S.  Wilkinson,  etc. 
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sediment.  The  subsequent  plication  and  desiccation  of  the  sediment 
caused  fissures,  into  which  the  mineral  waters  percolating,  the 
boundary  rocks  flowed  and  were  decomposed,  and  their  mineral 
contents  were  precipitated,  possibly  by  magnetic  currents,  thus 
causing  mineral  veins." 

The  geological  and  other  scientific  acquirements  of  Bichard  Daintree 
were  not  lost  upon  the  Queensland  Government,  for  in  1867  they 
requested  him  to  make  an  examination  of  the  Cape  Biver  district, 
which  resulted  in  the  opening  up  of  the  Cape  Biver  Gk>ld-field.^ 
In  1869  he  was  appointed  Government  Geologist  for  North  Queens- 
land, whilst  the  late  Mr.  C.  D'Oyley  H.  Aplin  was  appointed  to  a 
similar  post  in  the  southern  part  of  the  same  colony.  The  Queens- 
land Government  were  able  to  secure  the  latter  genUeman's  services 
through  the  parsimony  of  the  authorities  of  the  Victorian  Colony  in 
breaking  up  one  of  the  most  complete  G^logical  Surveys  ever 
organized,  except  perhaps  that  of  the  United  States  Territories,  under 
Dr.  F.  V.  Hayden.  During  the  three  years  intervening  between 
1869-71,  Mr.  Daintree  examined  large  areas  in  North  Queensland, 
including  those  of  the  Gilbert'  and  Etheridge  Bivers,  and  the 
Bavenswood  district,  which  have  since  proved  highly  auriferous  and 
remunerative  to  those  employed  on  them. 

The  importance  of  proper  and  efficient  representation  at  the  London 
Exhibition  of  1872  was  not  lost  upon  the  Qiieenslanders,  for  in  1871 
Mr.  Daintree  was  appointed  Special  Commissioner,  and  in  consequence 
left  the  colony.  The  wisdom  of  the  Colonial  Grovernmenfs  selection 
cannot  be  better  borne  out  than  by  the  admirably  organized  and<» 
arranged  Queensland  Annexe  of  that  and  succeeding  Exhibitions,  in 
the  administration  of  which  Mr.  Daintree  took  the  entire  super- 
intendence and  most  active  part,  although  latterly  much  broken  in 
health.  The  office  of  AgentrGeneral  in  London  to  the  Colony  of 
Queensland  falling  vacant  at  this  time,  the  subject  of  our  notice  was 
appointed  to  it  in  March,  1872,  a  post  held  by  him  until  1876,  when, 
in  consequence  of  ill  health,  he  was  obliged  to  resign.  It  is  gratifying 
to  find  that  the  services  rendered  by  Mr.  Daintree  to  the  Colony  in 
his  official  capacity,  and  to  Colonial  Science  generally,  were  so  far 
recognized  by  the  Home  Authorities,  that  it  pleased  Her  Majesty,  on 
his  retirement,  to  confer  on  him  the  well-merited  honour  of  C.M.G. 
It  was  hoped  by  his  friends  that  rest  and  change  would,  to  some 
extent  at  least,  restore  his  shattered  health,  but  notwithstanding  a 
residence  at  Mentone  during  the  winters  of  1876  and  1877,  and  all 
that  professional  attention  and  affectionate  family  care  could  do,  he 
gradually  sank,  and  shortly  after  reaching  this  country  in  May  last, 
he  passed  away.  In  a  letter  to  a  mutual  friend  dated  Mentone, 
November,  1876,  Daintree  wrote  thus : — "Thanks  to  hard  work  and 
rough  food  in  a  tropical  climate,  I  managed  to  damage  my  liver,  so 

^  Report  on  the  Cape  Hiyer  Diggings  and  the  Latest  Mineral  Discoyeries  in  North 
Qaeenflfand.    By  R.  Daintree.    Folio,  pp.  7.  Map.    Brisbane. 

*  Report  on  toe  Gold  Discoyeries  in  the  Gilbert  Ranges,  with  Sketch  Map.  By  R. 
Daintree.  Folio,  Brisbane,  1869.  Report  on  the  Gilbert  Kanges  Goldfield,  with  Maps. 
Bj  R.  Daintree.    Folio,  Brisbane,  1869. 
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that  I  am  now  a  martyr  to  cbronic  dyspepsia;  and,  thanks  to 
sedentary  employment  in  London,  and  the  fog  and  damp  of  the 
English  climate,  I  managed  to  get  congestion  of  the  lungs,  with 
more  or  less  hsdmorrhage  several  times,  so  that,  at  an  age  when  I 
ought  to  he  availing  myself  of  my  accumalated  experience  in 
various  ways,  I  find  myself  a  confirmed  invalid,  cut  off  from  all 
active  enterprise  "whatever." 

A  large  proportion  of  the  valuable  results  of  Daintree's  work  in 
Australia  were  nearly  lost  through  the  wreck  of  the  ship  (on 
board  which  he  and  his  collections  were  stowed)  at  the  Cape  of 
Grood  Hope.  Fortunately,  however,  the  cases  were  recovered,  and 
their  contents  supplied  Use  material  for  the  most  exhaustive  paper 
yet  published^  on  Queensland  Greology.  One  of  the  chief  points 
there  brought  out  was  the  great  extent  of  ground  occupied  by  rocks 
of  Cretaceous  age  in  the  north  of  Australia,  for  although  Cretaceoos 
fossils  had  been  determined  some  years  before  by  Prof.  M'Coy,  Mr. 
Daintree  appears  to  have  been  the  first  to  point  out  the  extent  of  the 
beds  contuning  them.  During  the  last  few  years  of  bis  life,  when 
incapacitated  by  illness  from  active  exertion,  the  microscope  afforded 
Mr.  Daintree  much  enjoyment,  his  attention  being  particularly 
directed  to  the  subject  of  Petrology,  more  particularly  as  applied  to 
Queensland  rocks.  We  are  informed  that  at  the  time  of  his  death 
he  had  in  preparation  an  important  work  on  this  subject. 

An  accomplished  photographer,  Mr.  Daintree  exhibited  a  fine  series 
of  Photographs  at  the  Edinburgh  Meeting  of  the  British  Association 
in  1871,  and  read  a  short  paper*  illustrated  by  them.  His  last 
scientific  communication  was  read  to  the  Geological  Society  of 
London  on  February  20  of  this  year.* 

Eichard  Daintree  was  an  enthusiastic  man  of  science,  and  especially 
devoted  himself  to  Geology,  Chemistry,  and  Photography  ;  a  man  of 
great  determination  and  strength  of  character;  methodical  and 
practical  in  all  his  habita ;  a  genial  companion,  a  true  friend,  and  a 
most  conscientious  servant  of  the  Crown.  He  has  unfortunately 
passed  from  amongst  us  at  a  time  when,  had  he  retained  his  health, 
his  vast  knowledge  of  Australian  Geology  would  have  been  of 
inestimable  value  to  Science,  especially  to  that  branch  to  which  he 
had  more  particularly  devoted  himself,  the  origin  and  occurrence  of 
Gold.  His  memory  will  long  linger  in  the  minds  of  his  many  close 
and  intimate  friends,  and  in  none  more  than  those  who  had  the 
pleasure  of  his  acquaintance  during  the  active  years  of  his  life,  and 
who  shared  with  him  some  of  the  dangers  and  difficulties  of  '*  bush 
life,"  which  have,  we  fear,  in  a  great  measure  tended  to  shorten  the 
career  of  one  of  the  most  accomplished  of  Australian  Geologists. 

R.  E.,  JuN. 

'  Notes  on  the  Geology  of  Queensland.  By  R.  Daintree,  F.G.S.  With  an 
Appendix,  containing  Descriptions  of  the  Fossils,  hy  R.  Etheridge,  F.R.Sm  and  "W. 
Carruthers,  F.R.8.  Quart.  Joum.  Geol.  Soc.  1872,  toI.  xxviii.  pp.  271-360,  Maps 
and  Plates,  etc. 

'  On  the  General  Geology  of  Queensland.    Brit.  Assoc.  Report  for  1871,  pt  2,  p.  95. 

'  **  Notes  on  Certain  Modes  of  Occurrence  of  Gold  in  Australia." 
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J. — ^DlSOOYKBT    OF  THE    REMAINS    OF    A    FoSSIL    CbAB    (DsOAPODA- 

Bbaohtuba)    in  the   Coal-Meabubeb  of  the  EmriBONs  of 
MoNSy  Beloitjm. 

By  BxsjLY  WooDWA&D,  LL.D.,  F.B.S.,  F.6.S.,  eto^ 
of  the  British  Museum. 

(PLATE  XI.) 

MA.  PREUDHOMME  DE  BORRE,  the  Conservator  of  the 
I  Royal  Museum  of  Natural  History  in  Brussels,  having 
xeoeived,  some  time  sinoe,  from  M.  Persenaire,  the  impression  and 
coimterpaTt  of  the  abdomen  of  a  small  Crustacean  discovered  in  the 
Ooal-shales  at  the  *  Belle-et-Bonne'  Colliery,  near  Mons,  he  submitted 
it  to  the  inspection  of  the  Entomological  Society  of  Brussels  at  their 
Monthly  Meeting  on  5th  June,  1875. 

After  carefully  examining  these  impressions,  Professor  L.  G.  de 
Koninck  stated  that  in  his  opinion  they  certainly  belonged  to  an 
•entirely  new  genus  and  to  a  species  of  Crustacean  not  hitherto  known 
from  the  Coal-measures.  By  his  kindness,  the  fossil  was  afterwards 
transmitted  to  me  for  examination,  and,  at  his  request,  I  drew  up 
the  subjoined  account  of  this  very  interesting  and  unique  specimen, 
-which  has  since  been  communicated  by  Professor  de  Koninck  to  the 
Soyal  Academy  of  Belgium.^ 

The  Coal-measures  have  long  been  celebrated  for  the  wonderful 
assemblage  of  organic  remains  which  they  have  yielded,  an  assem- 
blage none  the  less  interesting  from  the  fact  that  some  of  these 
remains  represent  groups  of  animals  which  belonged  to  the  Palaaozoic 
period,  and  whose  last  representatives  are  found  in  the  Carboniferous 
formation,  such  as  the  genera  Phillipna  and  Eurypierua;  while 
others,  on  the  contrary,  belong  to  the  Neozoic  period,  and  make  their 
first  appearance  on  this  horizon. 

Among  these  latter  we  may  mention  the  first  appearance  of 
Amphibia ;  of  Scorpions  and  Spiders ;  of  Myriapods ;  of  Orthopteia 
(Locustidas,  Mantidae,  Blattidas)  ;  of  Neuroptera ;  and  the  first 
Ix)bster-like  Crustacean  (AiUhrapalcBmon). 

Other  forms,  characterizing  at  the  same  time  the  Paladozoic  and 
the  Neozoic  periods,  are  equally  well  represented  in  the  Carboniferous 
formation.     Of  these,  the  genera  Prestwichia  and  Bdlinurus  may  be 

1  See  the  Bulletins  de  FAcad^mie  Royal  de  Belgique,  2me  s^e,  tome  xIt.  No.  4, 
Avril,  1878. 
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cited  as  examples.  These  Limuloid  Crustaoeans  have  their  earliett 
representative  {NeoUmidus)  in  the  Upper  Silurian  shalea  of  Lanark- 
shire, whilst  their  latest  representative  (lAmvluB)  is  actnallj  found 
living  in  the  seas  around  China  and  Japan  and  on  the  East  Coast  of 
North  America  at  the  present  day. 

Professor  L.  G.  de  Koninck  has  just  drawn  my  attention  to  a 
remarkable  fossil  obtained  by  M.  Persenaire  from  the  Coal-shales  of 
the  '  Belle-et-Bonne '  Colliery,  near  Mons,  Belgium. 

This  specimen,  so  kindly  placed  in  my  hands  for  examination  by 
M.  de  Koninck,  represents,  without  doubt,  the  abdomen  of  a  female 
Crab  (Decapoda-Brachyura).  Unfortunately  no  other  part  of  the 
animal  has  been  discovered;  we  can  only,  therefore,  oonjecture 
what  its  general  form  may  have  been  &om  a  oonsidenUdon  of  the 
portion  preserved. 

The  specimen,  which  is  12  millimetres  in  length,  is  preserved 
upon  the  surface  of  a  fragment  of  Coal-shale  associated  with  the 
impressions  of  Neuropteris  heterophyUa  and  Alelhopteria  lonchitidis. 

The  abdomen  is  as  nearly  as  possible  perfect,  and  upon  the  surface 
of  the  two  pieces  of  shale,  which  correspond,  we  see  clearly  the 
impression  and  counterpart  of  the  fossil. 

Notwithstanding  the  small  size  of  the  specimen,  M.  Batot,  &£n 
has  executed,  under  the  direction  of  M.  L.  G.  de  Koninck,  an 
admirable  figure,  greatly  enlarged,  showing  clearly  all  the  salient 
points  of  the  fossil.  By  the  kindness  of  the  Council  of  the  Boyal 
Academy,  I  am  enabled  to  reproduce  this  excellent  figure  (see 
Plate  XI.). 

As  in  other  short-tailed  Decapod-Crustacea,  the  abdomen  is  seen  to 
consist  of  seven  segments  more  or  less  completely  ankylosed  together, 
as  in  the  Leucosiadae.  Unfortunately  the  external  surface  of  the 
central  axis  of  the  abdomen  is  wanting,  but  the  divisions,  strongly 
indicated  by  raised  lines,  plainly  show  the  area  of  each  segment  of 
the  median  portion  of  the  abdomen,  and  also  clearly  separate  the 
central  axis  from  the  widely  expanded  lateral  border. 

The  general  form  of  the  abdomen  is  oval  save  at  its  proximal 
border,  where  it  was  attached  to  the  cephalothorax  (PI.  XI.  Fig.  1, 
a  6).  This  articular  border  (a  b)  measures  5  mm.  in  breadth,  and 
was  evidently  inserted  under  the  posterior  margin  of  the  carapace  to 
about  the  depth  of  one  millimetre. 

The  two  angles  of  the  articular  margin  (a,  a)  projeot  slightly 
beyond  the  rest  of  the  border,  and  evidently  furnished  two  strong 
points  of  attachment  with  the  abdomen. 

The  1st  segment,  of  which  the  articular  border  forms  a  part,  is  in 
the  form  of  a  trapezium,  having  its  broadest  border  directed  forwardB 
and  measuring  5  mm.  in  breadth,  whereas  the  posterior  border  only 
measures  3^  mm. ;  the  lateral  borders  of  the  segment  are  greatly 
inclined. 

The  central  part  of  this  segment  bears  two  tubercles  placed 
symmetrically,  one  on  either  side  of  the  mesial  line,  whilst  three 
small  punctaa  are  placed  near  the  centre  of  the  posterior  border. 

The  axial  or  central  part  of  the  2nd,  drd,  Ith,  5th,  and  6th 
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segments  are  nearly  the  same  in  form,  bat  they  diminish  insensibly 
from  the  2nd  to  the  6th  segment.  From  3^  mm.  in  breadth  by  1^  mm. 
in  length,  they  gradually  decrease  to  2  mm.  in  breadth  and  1  mm.  in 
length.  Each  segment  bears  three  punctaa  disposed  symmetrically 
near  the  centre  and  in  close  proximity  to  the  posterior  border,  with 
the  exception  of  the  7th,  or  terminal,  segment,  which  is  ornamented 
with  a  single  small  oval  tubercle,  situated  on  the  median  line  and 
near  the  anterior  border. 

The  7th  segment  is  three  and  a  half  times  as  long  as  the  6th,  or 
preceding,  segment ;  it  spreads  out  in  a  fan-shaped  form,  being  only 
2  mm.  broad  at  its  anterior  border,  whilst  it  expands  posteriorly  to  a 
breadth  of  6  mm.  at  its  lower  extremity. 

The  lateral  or  epimeral  border  of  the  segments  is  about  3^  mm.  in 
breadth  ;  its  surface  ornamentation  has  been  preserved,  and  evidently 
once  extended  over  the  central  axis  also,  but  has  been  removed  from 
this  part  of  the  specimen  probably  when  separating  it  from  its 
counterpart. 

The  divisions  existing  between  each  segment  are  clearly  marked, 
and  are  continued  to  the  lateral  border  of  the  abdomen  in  the 
form  of  a  series  of  slightly  raised  lines,  each  marked  by  a  row  of 
small  tubercles.  The  outer  border  of  each  segment  is  slightly 
concave  or  emarginated. 

A  raised  line,  having  its  origin  at  the  side  of  the  central  axis  of 
each  abdominal  segment,  traverses  the  epimeral  portion  of  the  2nd, 
3rd,  4th,  5th,  and  6th  segments,  forming  a  slightly  sigmoidal  curve, 
inclining  downwards  and  uniting  with  the  posterior  margin  of  each 
segment  near  its  border. 

Two  lines,  nearly  parallel,  and  corresponding  in  contour  with  the 
curvature  of  the  exterior  border  of  the  abdomen,  pass  across  the 
lateral  portion  of  each  segment  between  the  1st  and  the  7th,  when 
they  unite  to  form  the  limit  of  the  central  or  axial  part  of  the  last 
segment;  by  these  lines  the  lateral  border  of  the  abdomen  is  divided 
into  three  parts  sloping  fanwise  towards  the  exterior. 

With  the  aid  of  a  magnifying  glass  the  surface  of  the  border  of  the 
abdomen  is  seen  to  be  ornamented  with  fine  granulations. 

From  the  general  conformation  of  the  segments,  and  after  careful 
comparison  with  numerous  specimens,  we  are  led  to  the  conclusion 
that  the  fossil  under  consideration  represents  the  abdomen  of  a  female 
Brachyuran  Decapod,  and  not  the  thoracico-abdominal  segments  of  a 
Limuloid  Crustacean  such  as  Bellinurua  or  Prestwichia,  with  the  form 
and  segmentation  of  which  it  cannot  be  confounded.  Nor  are  we 
acquainted  with  any  Arachnide  which  presents  a  form  of  abdomen 
similar  to  this  fossil.  Nevertheless,  in  comparing  this  interesting 
specimen  with  the  abdomen  of  numerous  modem  short-tailed  Deca- 
pods, we  cannot  but  observe  that  it  presents  many  well-marked  and 
distinctive  peculiarities,  both  in  the  form  of  the  segments  themselves 
and  also  in  their  otnamentation. 

Having  lately  received  from  Mr.  J.  McMnrtrie  several  fragments 
of  a  new  Crustacecm  discovered  by  him  in  the  Badstock  Coal-field, 
near  Bristol,  and  also  some  other  portions  which  I  have  t^;^ac^\i  \j^ 
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believe  may  have  likewise  belonged  to  a  BraohTuran  Decapod  from 
the  Pendleton  Colliery,  near  Manchester,  I  have  felt  greater  confi- 
dence in  the  determination  of  the  Belgian  fossil,  and  in  oonBidering 
it  as  constituting  the  abdomen  of  a  true  crab. 

The  most  ancient  short-tailed  crab  hitherto  known  is  the  Pakh 
inachus  longipes  from  the  (Forest  Marble)  Great  Oolite,  Malmesbiiiy, 
Wiltshire,  which  I  described  in  1866.* 

The  discovery  of  this  fossil,  therefore,  removes  the  origin  of  the 
Decapoda-Brachyara  to  an  epoch  in  geological  time  far  anterior  to 
that  hitherto  recorded,  and  serves  to  show  well  how  little  reliance 
can  be  placed  upon  merely  negative  evidence. 

In  the  absence  of  other  remains  which  might  serve  to  complete 
our  knowledge  of  the  animal  we  have  ventured  to  describe,  it  would 
be  premature  to  attempt  to  show  its  afi&nities  with  any  existing  form 
or  to  give  it  a  name  indicative  of  its  relationship.  I  prefer,  therefore, 
to  designate  it  as  Brachypyge  earhonU,  for  in  the  event  of  the  di»- 
covery  of  more  complete  remains  which  would  enable  ns  satis- 
factorily to  determine  the  modem  representatives  of  this  interesting 
species,  the  name  (if  calculated  to  mislead)  would  of  necessity  at 
once  become  a  burden  to  synonymy. 

EXPLANATION  OP  PLATE  XI. 

Brachypyge  carbonis,  H.  Woodw.    From  the  Coal-measores,  'BeUe-et-Bonne* 
Colliery,  near  Mons,  Belgium. 

Fio.  I. — Figure  enlarged  ten  times.      |      Fio.  2. — Figure  of  the  natural  liie. 


II. — Thb  Fossil  Brachiopoda  of  the  Lower  BouIiOknais. 

THE  followang  carefully  and  elaborately  prepared  list  of  the  fossil 
Brachiopoda  of  the  Lower  Boulonnais  has  been  forwarded  to 
the  Editor  for  publication  by  his  esteemed  friend  and  frequent  con- 
tributor Thomas  Davidson,  Esq.,  F.E.S.,  who  writes  as  follows : — 
**  At  my  request  M.  E.  Rigaux  (51,  Grande  Eue,  Boulogne-sur-mer, 
France)  has  been  engaged  for  more  than  two  years  in  drawing  up 
a  complete  summary  of  all  the  Brachiopoda  that  are  to  be  found  in 
the  various  formations  composing  the  Lower  Boulonnais. 

"  This  list  is  of  great  importance  as  so  many  of  the  beds  correspond 
completely  with  our  own,  and  are  extremely  rich  in  a  palaaonto- 
logical  point  of  view.  Thomas  Davidson. 

*'  3,  Leopold  Eoad,  Brighton,  7th  Augmt^  1878." 

List  of  Fossil  Brachiopoda  found  in  the  Lower  Boulonnais. 

By  Monsieur  £.  Bigaux. 
Devonian. 

Terehrattda  saccuJus,  Mart.     Very  common  in  the  shales  of  Beaulieo, 

scarce  in  the  Ferqiies  limestone. 
Spirigera  concentrica,  D'Orb.     Very  common  in  the  highest  beds  of 

the  Ferques  limestone ;   Blacourt,  Beaulieu. 
Spirigera  Pelapayensis,  D'Orb.     Rather  common  in  the  shaly  beds 

over  the  Blacourt  limestone  in  the  Cedule  quarry,  scarcer  in  the 

Perques  limestone  at  Blacourt. 

^  QAiait.  Jo\ini.  GeoL  Soc.  toI.  xxii.  p.  494. 
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Sjptrtgera  Davidgani,  B.  Is  found  only  in  the  shales  over  the 
Blacourt  limestone  at  Conderousse. 

Spirifer  VemeuiUi,  Mnroh.  Very  oommon  in  all  the  Devonian  shales 
and  limestones,  o£fers  sevend  varieties;  in  the  limestones  the 
wings  are  short,  and  the  heak  strongly  inoorved;  in  the  shaly 
beds  the  wings  are  very  long,  the  area  wide,  and  the  beak  not 
recurved ;  the  variety  Archiachi  is  found  only  in  the  higher  beds 
of  the  Ferques  limestone. 

Spirifer  Bouchardi,  Murch.  This  speoies  is  found  under  varying 
forms  at  three  levels ;  in  the  shades  of  the  G6dule  quarry  it  is 
depressed,  larger,  and  the  two  ribs  that  limit  the  sinus  are  not  so 
strong  as  in  the  second  variety  whioh  is  oommon  at  Couderousse ; 
the  typical  form  figured  by  Murchison  is  only  found  in  a  par- 
ticular bed  of  the  Ferques  limestone. 

Spirifer  Urii,  Dav.     Scarce,  Beaulieu  shales. 

Spirifer  Sauvagei,  B.  Scarce ;  is  found  in  the  Beaulieu  shales  with 
the  two  following  species  in  the  level  of  Strept,  elegans. 

Spirifer  Legayi^  B.     Common  at  Beaulieu. 

Spirifer  Barroiei,  n.  sp.  Scarce,  Beaulieu.  This  species  is  very 
near  to  8p.  Legayi,  from  which  it  differs  by  a  less  transverse 
form,  a  narrower  sinus,  laminae  of  growth  not  so  strong,  but 
closer  and  more  numerous. 

Spirifer  undiferue,  Schn.    Very  scarce,  Beaulieu. 

Oyriina  heierodyta,  Dav.  Bather  oommon  at  the  lowest  part  of  the 
Beaulieu  shales,  does  not  seem  to  go  higher  than  the  level  of 
Strept.  Bouchardi. 

Oyrtina  Demarliif  Dav.     Scarce,  Beaulieu  shales. 

Spirigerina  reticularis,  D'Orb.  This  is  a  very  common  speoies,  and 
o£fers  several  varieties ;  Ferques,  Blacourt,  Beaulieu. 

Spirigerina  aspera,  M'Coy.     Common,  Ferques. 

Spirigerina  longispina,  Bouch.  Is  only  found  in  the  sandy  limestone 
band  over  the  Ferques  limestone. 

BhynchoneUa  LummatonieMtSf  Dav.     Occurs  in  the  Beaulieu  shales. 

BhynchaneUa  aeuminata.  Mart  A  variety  of  this  species  is  very 
abundant  in  the  shales  with  Strept.  eUgans;  Beaulieu. 

BhynchoneUa  BolonieneiB,  D'Orb.  Common  in  the  upper  part  of  the 
Ferques  limestone,  and  in  the  sandy  limestone  over  it ;  Beaulieu. 

Pentamerus  breviroetrie,  Phil.  Is  found  commonly  in  a  small  calca- 
reous band  below  the  Ferques  limestone. 

Orthis  striatulay  D*Orb.     Common  everywhere,  Ferques,  Beaulieu. 

Orthis  Deshayesii,  Bouch.  Very  common  in  the  level  of  Strept, 
Bouchardi. 

Orthis  Dumontiana,  Yem.     Common  in  the  same  bed. 

Orthis  EifeUensiSf  Sch.  Scarce,  is  found  with  Pent,  brevirostris  at 
Beaulieu. 

Streptorhynehus  Devonicw,  Dav.  Common  at  the  highest  part  of  the 
Ferques  limestone. 

Streptorhynehus  elegans,  Bouch.  Very  oommon,  distinguishes  a 
particular  level  in  the  Beaulieu  shales. 

Streptorhynehus  Bouchardi,  IL    Very  common,  Beaulieu  shales. 
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Slrophomena  latisaima,  Bouoh.    Very  oommon  in*  the  sandy  btnd 

over  the  Ferques  limestone. 
Strophomena  OosseleHi,  R.    Rather  scaroe,  Beaalien  shales. 
Leptana  DtUertrii^  March.     Very  common  in  the  highest  part  of  tbe 

Ferques  limestone. 
Leptana  Ferquenais,  R.     Very  oommon,  Beaulien  shales. 
L^tama  Cedtda,  R.    Very  common,   lowest  part  of  the  Besoliea 

shales. 
Leptana  Fischeriy  Vem.    Common,  Beaulieu  shales. 
Chonetes  armata,  Bouch.    Very  common  over  the  Ferqaes  limestoiie. 
Strophalosia  productoidea.  King.     Yeiy  soaroe,  Ferques,  Beanlieo. 
Prodtictua  suhaeuleatus,  March.    Common  in  every  bed,  Ferques. 

Carbonifekous  Limsstonx. 
Terehratfda  hcLsiataj  Sow.     This  species  is  found  in  great  nombere 

in  a  bed  from  the  highest  part  of  the  white  limestone.  Napoleon 

quarry. 
Athyris  Botssyi,  M'Coy.      This  species  has    been    found  by  Mr. 

Dutertre  at  Hardinghem  in  the  Black  quarry,  which  is  now  fiill 

of  water. 
Spirifer  laminosus,  MH])oy.     Oooors  q>aringly  in  the  white  limestone 

at  Hydrequent. 
Spirifer  glaber,  Mnart,    Very  common  in  the  bed  with  21  hasiata, 
Productus  Cora,  D'Orb.    This  species  is  found  in  the  lower  limestone 

of  the  La  Cote  and  Malassise  quarries ;  it  is  more  common  in  the 

Haut-bano  limestone. 
Productus  semireticulatits,   Mart.      Common   in  the   bed   with  Tr, 

hasiata,  was  also  formerly  found  in  the  Black  quarry. 
Productus  giganteus,  Mart.     There  occur  in  a  small    quarry   near 

Ferques,  and  in  another  near  Hardinghem,  crushed  specimens  of 

a  large  Productus  which  Mr.  Gosselet  refers  to  this  species. 

Bathonian. 
Terehratula  maxillata,  Sow.     This  species  occurs  sparingly  in  the 

Great  Oolite  at  Hydrequent  and  in  the  Combrash,  Le  Wast. 
Terehratula  suhmaxillata,  Dav.     This  species  is  confined  within  the 

lower  beds  of  the  Great  Oolite;  Hydrequent 
Terehratula  glchata.  Sow.     Very  common  in  the  lower,  part  of  the 

Great  Oolite  at  Hydrequent,  is  found  also  in  tbe  Marquise  Oolite ; 

the  variety  Fleischeri,  0pp.,  occurs  unfrequently  in  the  Combrash 

at  Le  Wast. 
Terehratula  intermedia,  Sow.     Very  common  in  the  Combrash ;  Le 

Wast,  Lenlinghem. 
Terehratula  coarctata,  Park.     Very  scarce,  Combrash,  Le  Wast. 
Terehratula  hemispharica,  Sow.     I  have  found  a  single  specimen  in 

the  Combrash  ;  Le  Wast. 
Waldheimia  ohovata,  Sow.     Very  oommon ;  the  variety  Siddingto- 

nensis  in  the  Great  Oolite  at  Hydrequent;  the  varieties  ptfro&ova/o, 

snbobovata  and  Stiltonensis  in  the  Combrash  at  Le  Wast. 
Waldheimia  lagenalis,  Schl.     Common  in  the  Combrash  with  the 

variety  suhlagenalis. 


M.  JE.  Rigatix — The  Brachiopoda  of  the  BouUmnaiU.      430 

Waldh^mia  eardium,  Lam.     Very  sooroey  Gombrash;   Le  Wast, 

Lenlinghem. 
BhynchoneUa  eoncinna.  Sow.    Common  in  the  Hydrequent  limestone. 
Bhynehonella  HopkiMt,  M'Coy.    Very  common  in  the  Great  Oolite  of 

Marquise ;  a  single  specimen  from  the  Combrash  at  Le  Wast. 
BhynchoneUa  eleganiula,  Bouch.    Very  common  in  the  marly  lime- 
stone between  the  Gombrash    and    Great    Oolite;    Le    Wast, 

Marquise. 
BhynchoneUa  Badensia,  0pp.    Very  common  in  the  Gombrash,  Le 

Wast ;  a  single  specimen  from  luydrequent,  in  the  lower  part  of 

the  Great  Oolite. 
BhynchoneUa  Moriert,  Dav.     Very  common  in  the  Combrash;   Le 

Wast,  Marquise. 
BhynchoneUa  varians,   Sow.   yar.     We  find  in  the  Combrash  at 

Binxent  a  small  form  which  we  refer  to  this  species. 

Oxford  Clay  and  Lower  Calo  Grit. 

WaldhetnUa  umhoneUa,  Lam.      Very  common  at  Belle;  a  single 

specimen  from  the  clays  at  Le  Wast. 
BhynchoneUa  sodaUs,  Phill. 
BhynchoneUa  Leedsii,  Walk.    These  three  species  are  found  in  the 

fenruginous  Oolite  (Kelloway  Bock),  over  the  Combrash  at  Belle 

and  Alincthun. 
Waldheimia  impresea,  Buch.     Occurs  in  great  numbers  in  the  clays 

at  Le  Wast;  one  specimen  has  been  found  in  the  Coral  Bag 

at  Carly. 
Terehrattda  insignis,  Sow.     Scarce  in  the  Galcaire  and  HouUefort 

(Elsworth  rock)  ;  it  is  more  common  in  the  calcareous  band  over 

it  at  Bety,  and  is  very  abundant  in  the  Galcaire  du  Mont  des 

Boucards. 
Waldheimia  hucculenta,  Sow.     Very  scarce,  I  have  found  six  speci- 
mens in  the  Galcaire  du  Mont  des  Boucards. 
BhynchoneUa  pectunctiloides,  Et.    Very  common  in  the  lowest  beds 

of  the  Galcaire  du  Mont  des  Boucards. 
BhynchoneUa  myriacantha,  Desl.     I  have  found  a  single  specimen  in 

the  clays  at  Bl^uen^ue. 
BhynchoneUa  spathica,  Lam.     Very  common  in  the  Ter,  impreesa 

beds;  Le  Wast. 

4 

Goralune  and  Supraooralline  Beds. 

Terebratida  insignis,  Sch.  Ends  in  the  Supraooralline  Oolite  at 
Hesdin  TAbbe  with  forms  which  show  a  transition  between  this 
species  and  T,  euhaeUa, 

Terebratula  svibseUa,  Leym.  Shows  itself  at  first  in  the  Supraooral- 
line Oolite  at  Hesdin  TAbbe,  and  goes  up  in  the  Kimmeridge  beds. 

Terebratula  glohata  ?  Sow.  The  Oolite  of  Hesdin  TAbbe  contains 
a  biplicated  Terehrattda,  which  I  cannot  distinguish  from  our 
Great  Oolite  globata. 

Waldheimia  humeralis,  Bom.  I  have  sometimes  quoted  this  species 
under  the  name  of  T.  bucculentaf  which  I  apply  now  to  another 
species  at  a  lower  level ;  it  appears  in  the  Coral  Bag  proper  at 
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Carlj,  bat  is  more  abundant  in  the  Sapraoondline   Oolite  of 

Hesdin  1' Abbe. 
SkynckomeUa  pechmefdoides,  Et*    Thia  species  goes  op  into  the  Ccal 

Bag;  Carly. 
BhynckaneUa  pinguisy  Bom.    This  species  is  fonnd  in  the  Coral  Bag^ 

Carlj,  and  in  the  Sapraooralline  Oolite ;  Hesdin  rAbb6. 
BkyneJumeQa  tneonttans.  Sow.     Very  scarce,  I  have  found  it  only  in 

the  Qr^B  de  Qnestrecqnes,  the  highest  Supraooralline  bed. 
Thecidium  omahtm,  Moore.    Mr.  Davidson  first  foond  this  spedei 

on  a  Ter,  hmmeraUa  from  the  Carly  Coral  Bag,  and  since  I  have 

obtained  some  other  specimens,  but  it  is  rather  scarce. 

KnaucBrDOX  Clat. 

Lingula  avalU,  Sow.    This  species  was  discovered  by  Mr.  J.  E.  H. 

Peyton,  F.Q.S.,  near  the  base  of  the  shales  in   the  c1if&  of 

Boulogne ;  Mt  is  very  common.   I  have  also  found  in  the  Portland 

shales  remains  of  a  lAngvla  which  belong  probably  to  the  same 

species. 
TerehraUda  nhseUa,  Jjejm.    Is  rather  common  in  the  lower  part  of 

the  Kimmeridge.    Clifis  of  Moulin  Wibert,  Chatillon. 
Waldheimia  kumeraliB,  Bom.     I   refer  with  doubt  to  this  spedee, 

some  small  smooth  Terebratula  found  by  Mr.  Beaugrand  in  the 

Lower  Kimmeridge  beds ;  Moulin  Wibert 
BhyjiehoneUa  pinguis,  Bom.    Very  scarce;  two  or  three  specimens 

have  been  found  in  the  lowest  beds  in  the  cliff  of  Moulin  Wibert 

POBTLAi^DIAN. 

Discina  latissima,  Sow.    I  have  found  good  specimens  of  this  species 

in  the  shales  that  overlie  the  grits  with  A.  gigaa  in  the  difiCs  at  La 

Cr^he  and  Le  Portel ;  it  is  rather  common. 
Waldheimia  Bolontcfms,  B.  S. 
Waldheimia  humeralis.  Bom. 
Bhynchonella  suhvariabilis,  Dav.    These  three  very  scarce  species  are 

found  in  the  Middle  Portlcmd  beds  with  Ostrea  expansa ;  Tour 

Croy,  Alpreck. 

LowEB  Qbeensand. 
Waldheimia  pseudojurensia,  Leym. 
BhynchoneUa  Gihhsiana,  Sow.    These  two  very  scarce  species  have 

been  found  by  Mr.  Bouchard  in  the  sands  under  the  Gault  with 

Amm,  mammillaris ;  Locquinghem. 

Gatjlt. 
Terehrahda  pralanga,  Sow.     Occurs  in  the  phosphatic  bed    under 

the  Oault ;  Fiennes,  Lottiughem. 
Bhynchonella  Oibhsianaf  Sow.     Jn  phosphatic  nodules,  Fiennes. 
Bhynchonella  lineolata,  Phill.     I  have   some   internal  casts   from 

Fiennes  which  seem  to  belong  to  this  species. 

Chalk  Mabl. 
Magas  Geinittii,  Schl.    This  species  has  been  found  by  Mr.  Barrois 
at  Licques  and  at  Blanez. 

^  See  Gbol.  Mao.,  1873,  Vol.  X.  p.  674,  with  a  woodcat  figure. 


M,  E.  RigatKf — The  Brachiopoda  of  the  Soulmnait.       441 

TerebriUalla  tnmeala.  Sow.  We  refer  to  this  spomes  some  small 
epecimens  which  ooonr  rarely  in  tlie  Cement  Ohalk  at  Neufchatel, 
but  Mr.  Barrois  looks  upon  them  as  belonging  to  a  new  Bpeoies. 

Sittgena  lima,  Dar. 

Terebratulina  striata,  Wahl. 

TerebratvUna  rigtda,  Sow. 


PALjCOZOIC  Brachiopoda 
N  THE  Lower  Boulonnais. 


Sfirigtra  cmumtrUa,  D'Orb.^ 


Bauriardi,  Mnrch.  _ 

Urn,  Dbt. 

Ltgayi,  R. 


lamituuus,  M'Cof  . 

glaitr,  Msrt.    

Cyriiita  hitcroctila,  Dar. 


Dtmarlii,  Bouch.     ... 

•a  retKularis,  D'Orb.  

lonqispina,  Bouch.  

I,  M'Coy. 


Bdonimiis,  D'Orb.  _. 

Penlamtrus  irevirasfris,  Phil.    

Orllus  slriatula,  D'Orb. 

Dahayesii,  R.   - 


Streptorhynchui  Danmitus,  D>v.  

degani,  Bouch.    _ 
Bmickardi,  R 

Strafhamtna  latistima,  Boncb. 
Goiidttii,  R 

Leplan      "  "   " 


Diilerlrn,  Murch, 
Ffiyueiuis,  R.  _. 
Cidul^,  R. 


umir^icHlatui,  Mart. 

giganlaa 

SiTBpAalosia  prodactoides^  King 

Ckanttti  armata,  Bouch.    


Bwulica  Sbmle 


J  Si 


J 'I 
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Tkicidmm  otnatum,  Moore    

Tertbralultt  maxiUaia,  Sow.    

jubmaxillala,  Dav. 

inlfrmtdia.  Sow. 

insignis,  Sch. 

^ttSala,  Sow 

Mtmisfiuriia,  Sow. 

taarrlala.  Park 

svbsiUa,  Sew. 

Boloniensii,  R.  S. _. 

WaSdhemia  logfMalis,  Sch. 

HmioHdla,  Lam.    

oitrpata.  Sow.      _ 

jwirtu'^ii&i.  Sow.     

imprtsta,  Buch 

humerala,  Rom.   

cardium,  lam. 

Rkynchondia  concinna.  Sow. 

Nofikimi,  M'Coy  

c/iganeu/a,  Boucn 

BadtHsis,  Oph. 

Moritri,  Daw.    

LfedsaJwiiXk.   TZmZI.. 

socialis,  Plul. „ 

spathica.  Lam. 

iHyriacanlha,  Desl.    

fnlunctdoida,  Et. 

fingttii,  Kom. ~^ 

jMiTwiflinj,  Sow.    


Lowe*.  Boulonnms. 


Tirtdra/iiiiito  striata,  Wahl. 

rigida.  Sow. 

Ttrtira/ula  biplicala.  Sow. 

fnrlBHga,  Sow.      — 

srmiglobosa.  Sow.  .: 

iguamma,  Mant. ._ 

suUifira,  Mor. 

iVnldhfimia  pseudojUTtnsis,  Leym _.. 

Rliyuchonclla  GMsiana,  Sow.     

hnnlala,  Phil] 

A/o'tini,  Mant 
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• 

Terebrattda  aquammosa,  Mant.    These  four  species  are  very  common 

in  the  Chalk  Marl  at  Blanez  and  NeufchateL 
Terehrattda  bipUcaUif  Sow.     Occurs  in  the  Glauconitic  bed  above  the 

Gault;  Blanez. 
Terehraiula  auieifera,  Morris.     Seems  to  be  very  scarce;  J  know 

only  two  specimens  which  Prof.  Gosselet  has  had  the  kindness  to 

send  me ;  Blanez. 
Terebraiula  nemiglohosa^  Sow. 
BhynchaneUa  Martini,  Mant. 
Bhynchonella  Orasiana,  D*Orb. 
BhynchaneUa  ManieUiana,  Sow.  These  four  species  are  very  common 

in  the.  Chalk  Marl  at  Blanez  and  Neafchatel. 


IIL — SUFPLSUSNTABY  NoTE  TO   "  PlEISTOOKNE   MaMMALS  DbEDQED 

OFF  THE  Eastern  Coast."  ^ 
By    William    Dayibs,    F.G.8., 
«f  the  Britiflli  Muemn. 
(PLATE  XII.) 

THE  late  Dr.  Falconer  figured  in  the  **  Fauna  Antiqua  Sivalensis,^ 
a  fine  lower  jaw  of  an  «dnlt  Elephas  primigeniust  preserved  in 
the  National  Collection,  and  of  which  he  gives  two  views,  the  first 
as  seen  from  above,  the  second  a  side  view ;  and  in  the  descriptions 
of  the  plates  in  the  above  work  given  in  his  "  Palsdontological 
Memoirs,"  vol.  i.  p.  439,  occurs  the  following  note  regarding  it : 
**  Plate  xiiL  A.  fig.  3. — JS.  primigeniue,  English  fossil  specimen, 
with  two  last  true  molars  on  either  side.  In  the  last  left  molar  there 
are  eighteen  plates  in  7*7  inches.  The  jaw  has  a  short  beak,  and 
one  inner  mentary  foramen  on  either  side.  In  this,  as  in  figs.  1  and 
2,  representing  the  jaw  at  different  ages,  it  is  to  be  noted  that  the 
opposite  lines  of  molars  are  more  or  less  convergent  instead  of  being 
parallel,  or  nearly  so,  as  laid  down  by  Cuvier. 

"Extreme  length  of  jaw,  23-6  in.  Divergence  of  rami  behind, 
21*3  in.  Height  at  alveolus,  7*2  in.  Greatest  width  of  jaw,  63  in. 
Breadth  of  condyle,  10*3  in.,  width  of  last  molar,  2*8  in." 

To  the  above  description  may  be  added,  that  although  the  ascend- 
ing rami  are  well  preserved,  the  condyles  and  coronoids  on  each 
side  are  wanting. 

Besides  the  fact  that  it  is  a  dredged  specimen,  which  is  evident 
from  the  marine  exuvise  still  adhering  to  it,  and  that  Dr.  Falconer 
had  selected  it  for  illustration  as  a  type  of  the  mandible  of  a  mature 
adult  animal  of  the  above  species,  not  anything  was  known  respect- 
ing its  history,  or  whence  it  came,  by  the  present  officials  of  the 
Palseontological  Department ;  nor  beyond  the  statement  that  it  is  an 
"  English  fossil  specimen  "  does  Dr.  Falconer  throw  any  light  upon 
its  history,  if  he  ever  knew  it.  But  some  time  ago,  looking  through 
a  volume  of  the  "  Magazine  of  Natural  History,"  edited  by  Mr. 
Edward  Charlesworth,  F.G.S.,  I  found  a  woodcut  of  the  fossil,  and 
a  short  notice  regarding  it  by  the  editor,  both  of  which  we  here 
reproduce. 

"The  fossil  elephant's  jaw  represented  in  the  accompanying  figure 
1  See  Okol.  Mao.,  1878,  Decade  II.  Vol  Y.  p.  97. 
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(Sk\  40),  was  obtained  by  a  Dover  fisherman  in  1837,  whOe  dredg- 
i)\jC  ^^^  ^®  Dogger  Bank ;  and  after  having  been  offered  for  sale  to 
llwk  Hritish  Museum  and  other  Metropolitan  institutions,  was  par- 
chAMil  by  Mr.  G.  B.  Sowerby,  in  whose  possession  it  has  since 
n^nained.  It  is  decidedly  the  finest  relio  of  the  kind  that  I  hsTe 
t^n ;  and  the  very  faithful  representation  which  I  am  enabled  to 
publish  of  it  is  due  to  the  skUl  of  Mr.  G.  B.  Sowerby,  Jan.,  by 
wliom  the  drawing  on  wood  was  executed."^ — Mag.  of  Nat  Hist 
July,  1839,  vol.  iiL  pp.  347-8.  However,  the  specimen  was  ulti- 
mately  purchased  for  the  National  Collection  on  the  recommendation 
of  Mr.  C.  Koenig,  the  then  Keeper  of  the  Geological  Department, 
soon  after  the  publication  of  Mr.  Charlesworth's  notice. 

The  special  interest  attached  to  the  jaw,  apart  from  its  importance 
as  having  been  selected  as  a  type  specimen  by  so  acate  an  observer 
as  Dr.  Falconer,  is  the  locality  whence  it  has  been  derived,  and  the 
additional  confirmation  it  gives  of  the  Wpical  character  of  the 
remains  of  the  Mammoth  obtained  from  the  Dogger  Bank,  as  de- 
scribed by  me  in  a  notice  of  the  almost  unique  collection  from  this 
locality  made  by  Mr.  J.  J.  Owles,  of  Yarmouth,  in  the  March 
Number  of  the  present  volume  of  the  Gkologioal  Magazine  (p.  97). 
Thus  it  appears,  on  the  evidence  before  us,  that  Elephas  prtmigemus 
is  the  only  species  found  on  the  Dogger  Bank,  whereas  the  Uiree 
species  E.  primigeniuSt  E.  antiquua,  and  E.  meridionalis,  all  occur  in 
the  Forest-bed  series  idong  the  Norfolk  coast  Of  these  the  Elephat 
anttquus,  according  to  Dr.  Falconer,  would  seem  to  be  the  most 
abundant,  for  he  says:  '*0f  the  two  thousand  Elephant  grinders, 
which  Mr.  (Samuel)  Woodward  estimates  to  have  been  dredged  up 
within  thirteen  years,  from  the  oyster-bed  near  Happisburgh,  I  be- 
lieve that  by  far  the  largest  number  belonged  to  this  species.  The 
next  in  point  of  number,  are  those  of  the  true  Mammoth  from  the 
wide-spread  drift  and  gravel-beds.  Teeth  of  E.  meridionalis  are 
much  less  frequent." — (**  Falconer's  Palaeontological  Memoirs,"  voL 
ii.  p.  204.) 

Considering  the  interest  attached  to  this  locality,  and  the  number 
of  fossils  it  has  yielded  to  the  dredge,  the  records  regarding  them 
are  few.  Prof.  Owen,  in  his  **  British  Fossil  Mammals,"  has  given 
a  most  extensive  summary,  both  of  the  remains  found,  and  ihe 
localities  whence  fossil  elephants  have  been  obtained,  but  has  no 
notice  of  this  jaw,  unless  the  following  quotation  refers  to  it :  "A 
fine  lower  jaw  of  a  young  Mammoth,  in  the  possession  of  Mr.  G.  B. 
Sowerby,  was  thus  dredged  up  o£f  the  Dogger  Bank ;  and  a  femur 
and  portion  of  a  large  tusk  were  raised  from  twenty-five  fathoms 
at  low  water,  midway  between  Yarmouth  and  the  Dutch  coast"' 
But  when  the  above  was  published,  the  mandible  noticed  by  Charles- 
worth  had  been  long  in  tlie  British  Museum,  and  his  engraving  of  it 
had  been  known  for  some  years. 

^  Mr.  Charlesworth  subsequently  used  the  woodcut  to  illustrate  the  wrapper  of  his 
**  London  Geolorical  Journal."     The  accompanying  figure,  Plate  XII.,  is  a  careful 

''uction  of  the  original  by  Miss  G.  M.  WooowMrd. 

it.  Fo«.  Mamm.  and  Sirds,  1846,  p.  259. 
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Elefhai  primismias,   Blum. 
Dwdgcd  oH  the  Doge«  Hank,  .8J7- 
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IV. — On  the  Amoiknt  Voloanio  Distbiot  op  Slibve  Gullion.* 

By  Joseph  Nolax,  M.B.I.A.,  etc., 
of  H.  M.  Geological  Survey  of  Ireland. 

IT  seems  to  be  one  of  the  chief  objects  of  the  British  Association 
for  the  Advancement  of  Science  in  changing  the  place  of  meeting 
every  year,  to  bring  more  prominently  before  the  members  of  its 
respective  sections  such  points  of  interest  in  their  own  department 
of  Science  as  are  afforded  by  the  various  localities.  In  accordance 
with  this  principle,  I  beg  to  lay  before  you  some  observations  con- 
oeming  the  geology  of  a  district  not  more  distant  than  about  two 
hours'  railway  journey  from  Dublin,  which  will,  I  trust,  be  of 
peculiar  interest  on  the  present  occasion.  The  district  I  refer  to  is 
the  hill  country  north  of  Dundalk,  of  which  Slieve  Gullion  forms 
the  most  prominent  feature.  This  mountain  is  a  somewhat  isolated 
mass,  attaining  an  elevation  of  about  1900  feet,  and  is  situated  to 
the  north-west  of  the  hilly  and  picturesque  country  lying  between 
the  bays  of  Dundalk  and  Carlingford,  or  due  west  of  the  more 
remarkable  group  of  the  Mourne  Mountains.  The  rocks  of  which 
it  is  mainly  composed  are  of  a  plutonic  character,  and  rise  through 
granite,  the  south-westenr  termination  of  the  tract  of  that  rock 
which  extends  from  this  in  a  north-easterly  direction  to  Slieve 
Croob,  a  distance  of  about  thirty  miles.  This  granite  is  not  in  the 
main  intrusive,  but  is  rather  the  result  of  the  metamorphism  of  the 
Liower  Silurian  sedimentary  rocks.  The  transitions  from  the  latter 
into  the  former  may  be  observed  in  many  places — the  Silurian  rocks 
becoming  indurated,  then  schistose  and  slightly  micacised,  passing 
into  crystalline  gneiss,  which  frequently  loses  its  foliation  and  passes 
into  granite.  In  other  places  the  transitions  are  somewhat  less 
gradual,  chemical  differences  in  the  composition  of  the  rocks  having 
probably  favoured  the  readier  conversion  into  granite,  while  in  others 
again,  no  transition  whatever  is  perceptible,  and  the  rock  seems  in 
those  parts  to  be  intrusive,  the  more  highly  fused  portions  having  been 
forced  up  and  thrust  through  the  upper  parts  of  the  sedimentary  rocks, 
or  those  least  affected  by  metamorphosing  agencies.  A  remarkable 
instance  of  the  kind  may  be  seen  at  Mullaghbane,  some  four  miles 
west  of  Slieve  Qullion,  where  a  tongue  from  the  granite  cuts  through 
both  the  Silurian  sedimentary  rocks  and  an  old  igneous  rock  (diorite) 
associated  with  them ;  while  in  the  same  neighbourhood,  transitions 
from  the  indurated  sedimentary  rocks  into  the  main  mass  of  the  granite 
are  exceedingly  well  marked,  and  even  hand  specimens  exhibiting 
these  changes  may  be  procured. 

Sii&ilar  phenomena  were  also  noticed  on  the  eastern  side  of  the 
mountain,  of  which  my  colleague,  Mr.  Egan,  gives  many  instances. 
(See  Geological  Survey  Explanation  to  accompany  Sheet  59).  Thus, 
at  Gamlough  Mountain,  he  observes  that,  "the  granite  contains 

1  Eead  before  the  British  Associatioii  for  the  AdTancement  of  Science,  Dablin, 
(Section  0.),  Aogust  15, 1878. 
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«{iieiiwo8e  bamls  merging  into  harder  and  more  solid  granite,'*  and  in 
tb«»  hill  tfiitft  of  this  mountain,  where  the  granite  is  similar,  thou^ 
ill  places  nearly  losing  its  mica,  there  is  an  unmistakable  passage 
from  luicaceoas  schists  into  foliated  granite"  (ibid,  p.  14). 

The  age  of  formation  of  this,  called  the  Newry  g;ranite,  cannot  be 
decermined,  but  there  is  strong  reason  for  believing  that  it  took 
plaA.-e  prior  to  the  Upper  Silurian  period,  as  suggested  hy  Prod  HolL" 
The  basal  conglomerates  of  that  system  contain  pebbles  and  boolden 
of  granite,  as  well  as  of  schist  and  gneiss,  and  as  granite  fragments 
are  not  met  with,  in  Ireland  at  least,  in  formations  older  than  tbe 
Lower  Silurian,  we  may  fairly  assume  that  it  was  formed  with  the 
schist  and  gneiss,  the  eruptive  and  metamoqpbic  granites  being  bat 
varied  results  of  the  same  plutonic  action. 

Micaceotu  Dolerite. — Eruptive  through  the  granite  is  a  coarselj 
crystalline  rock  of  massive  character,  forming  most  of  the  nonhem 
and  western  parts  of  the  mountain.  It  has  the  usual  characteristic  ap- 
pearances of  dolerite,  having  a  rude  prismatic  structure  and  weather- 
ing in  globular  exfoliating  masses.  It  consists  of  angite  and  plagio- 
clase  felspar,  of  which  there  may  be  more  than  one  Tariety,  those 
most  largely  developed  being  labradorite.  In  addition,  it  has  a 
bronze  to  black -coloured  mica,  sometimes  in  considexable  quantity, 
a  large  proportion  of  magnetite,  olivine,  and  a  green  stmctureless 
mineral  that  is  probably  epidote. 

Eleanite  or  quartz  porphyry. — Associated  with  this  dolerite,  and 
forming  the  remaining  part  of  the  mountain,  is  a  granitoid  rock 
consisting  chiefly  of  orthoclase  felspar  with  free  silica,  seldom  de- 
veloped into  well-formed  crj'stab,  a  little  mica,  and,  usually,  some 
hornblende.  This  rock  is  seen  in  many  places  to  penetrate  the 
micaceous  dolerite,  and  is  therefore  probably  older,  though  as  the 
dolerite  also,  though  rarely,  sends  veins  into  the  elvanite,  it  is 
most  likely  that  both  were  protruded  about  the  same  time.  To 
the  north-west,  this  elvanite  composes  the  remarkable  ridge  of  hills 
that  partly  inclose  the  mountain  on  the  north,  west,  and  south. 
At  half  the  extent  of  its  course,  at  Cashel  Lough,  it  changes  gradually 
from  a  granitoidal  rock  to  one  having  a  finer  grained  or  compact 
base,  and  containing  double  pyramidal  crystals  of  quartz  with  felspar, 
thus  becoming  a  highly  silicated  or  quartzose  felstone  porphyry. 

Volcanic  Agglomerate. — Simultaneously  with  this  change  in  the 
elvanite,  suggesting  conditions  of  less  intense  heat  and  pressure,  a 
fragmental  rock  of  most  remarkable  character  makes  its  appearance. 
It  is  here  entirely  composed  of  granite  pieces,  and  might  indeed  be 
taken  for  a  disintegrating  portion  of  that  rock,  but  that,  on  exami- 
nation, the  base  is  found  to  present  a  mechanical  and  not  a  crystalline 
structure.  This  conclusion  is  confirmed  on  following  the#idge 
farther  south,  where,  in  the  neighbourhood  of  Forkill,  the  associated 
fragmental  rock  occupies  a  large  area,  and  though  still  mainly 
composed  of  granite,  yet  contains  several  fragments  of  other  rocks, 
all  of  which,  however,  are  of  local  origin.     Eastward  of  Forkill, 

^  See  Physical  Geology  and  Geography  of  Ireland,  p.  141,  note. 
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patches  of  it  are  found  in  many  places  over  the  igneous  rock,  but 
slate  fragments  are  here  prevcdent,  till,  at  the  termination  of  the 
ridge,  at  Slievenabolea,  they  almost  form  the  entire  mass,  like  the 
granite  at  the  other  end,  the  lower  portions,  however,  passing  into 
the  felstone  by  such  insensible  gradation  that  no  line  of  demarcation 
is  possible. 

That  this  rock  is  of  a  volcanic  character,  somewhat  analogous  t>o 
volcanic  agglomerate,  we  can  scarcely  entertain  a  doubt  Never- 
theless, it  differs  widely  from  the  usual  type  of  that  rock,  as  it  is, 
except  in  the  deepest  portions,  almost  altogether  composed  of  pieces 
of  non-volcanic  rocks,  these  fragments  being  the  pre-existing  crust 
through  which  the  igneous  mass  was  protruded;  and  varying  ac- 
cordingly— granitic  agglomerate  prevailing  in  those  portions  that 
veere  occupied  by  that  rock — a  mixture  of  slate  and  granite  about 
the  junction  of  these  formations,  and  slate  fragments  almost  exclu- 
sively in  the  Silurian  district  to  the  south-east.  It  is  impossible  to 
account  for  these  phenomena  by  supposing  that  we  have  here  the 
result  of  an  eruption  of  an  ordinary  character  where  lava  or  scori» 
is  ejected,  as,  if  that  were  the  case,  some  fragments  at  least  of 
these  products  would  occur  in  the  agglomerate,  if,  indeed,  as 
usually  happens,  they  did  not  compose  the  entire  mass.  Lava 
or  scorise,  therefore,  could  not  have  been  ejected,  and  the  eruption 
must  have  been  entirely  of  an  aeriform  character.  The  theory 
which  Professor  Judd  proposes  to  account  for  the  formation  of 
vast  craters,  such  as  those  of  the  lakes  Bolsena  and  Bracciano  in 
Central  Italy,  seems  to  afford  a  probable  explanation  of  the  facta  in 
this  case.  Where  the  igneous  mass  rises  through  a  vertical  fissure, 
the  iuitial  eruptions,  due  to  a  mere  ''local  disengagement  of  vapour," 
are,  comparatively  speaking,  moderate  in  their  effects,  and  followed 
by  others  sometimes  lasting  for  lengthened  periods,  as  fresh  ac- 
cessions of  lava,  charged  with  elastic  gases,  are  continually  welliug 
upward,  owing  to  diminished  pressure ;  but  when,  as  in  the  case  of 
intrusive  sheets,  the  lava  is  projected  in  a  horizontal  or  nearly  hori- 
zontal fissure  from  the  volcanic  focus,  there  ia  a  tension  exerted  on 
the  overlyidg  rocks  through  a  far  larger  area,  which  being  at  length 
overcome,  produces  a  tremendous  and  widespread  explosion,  but  of 
a  very  temporary  character,  there  being  no  deep  portions  to  furnish 
fresh  supplies.  That  in  the  district  now  described,  eruptive  rock  was 
projected  in  some  such  manner  seems  highly  probable,  both  from  its 
position,  as  a  dyke-like  protrusion  from  the  igneous  mass  of  Slieve 
GuUion,  and  the  disposition  of  the  agglomerate.  This  latter  is 
associated  with  it  for  seven  miles  of  its  course,  its  volcanic  character 
being  most  evident  at  the  eastern  end  of  the  huge  dyke,  where  we 
may  suppose  it  approached  somewhat  nearer  the  surface  of  the 
ground,  while  about  Gashel  Lough,  close  to  where  it  disappears,  it  is 
scarcely  distinguishable  from  the  adjacent  granite,  the  intumescent 
mass  having  been  here  more  deeply  seated,  and  in  consequence  no 
further  result  produced  than  a  fissuring  and  partial  dislocation  of  the 
overlying  crust 

While,  therefore,  the  elastic  forces  appear  to  have  been  sufficient 
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to  produce  aeriform  explosions  and  the  shattering  and  tritorstioo 
of  the  superincumbent  rocks,  they  do  not  appear  to  have  been 
powerful  enough  to  raise  the  igneous  mass  suffioiently  near  the 
surface  to  produce  lava  or  scorisB.  This  was  probably  dne  to  the 
operation  of  two  causes,  one  of  which  I  have  already  referred  to — the 
sudden  consolidation  of  the  crystalline  magma  on  losing  its  inter- 
stitial fluids — the  other,  and  perhaps  principal  oauae,  the  immente 
weight  and  volume  of  the  displaced  materials.  To  this  latter  Game 
Mr.  Scrope  refers  the  formation  of  fragmental  rocks  in  the  Upper 
Eifel,  very  similar  to  those  just  describecL  These,  he  informs  ns,  are 
'<  principally,  and  in  some  instances  almost  entirely,  oompoeed  of 
broken  grey  wacke  slate  and  sandstone,  more  or  less  a^ected  by  heat, 
and  pulverized.  •  .  .  There  is  an  appearance  as  if  the  volcaDic  energy 
had  been  damped  and  impeded  by  the  mass  of  transition  and 
secondary  strata  which  it  had  to  pierce,  and  perhaps  by  the  fragib 
nature  of  the  grey  wacke  slate,  which,  shattered  and  pulverized  by 
the  first  few  aeriform  explosions  of  every  eruption,  would  be  likely 
to  accumulate  in  great  volume  above  and  within  the  vent»  and  stifle 
its  further  activity." — {VolcanoB,  p.  376,  et  seq.) 

Besides  the  felspathic  rock  mainly  associated  with  the  agglomerate^ 
there  are  others  of  a  basic  character,  chiefly  dolerites  and  melaphyres. 
These  usually  occur  as  bosses  and  protrusions  throngh  the  fel- 
spathic rocks,  and  are  generally  tufifose  at  the  surface,  g^radnating 
imperceptibly  into  the  agglomerate.  One  of  the  most  remarkable  d. 
them  is  to  be  seen  at  Glendooey,  west  of  Carrickbroad,  where  it  rises 
as  an  abrupt  dark  mass  on  the  side  of  the  hill,  and,  crowned  with  an 
ornamental  turret,  forms  a  very  pretty  and  conspicuous  object  It 
has  all  the  appearance  of  a  volcanic  vent,  and  the  tract  of  dark  basic 
rock,  which  spreads  to  the  southward,  probably  proceeded  from  it 
This  latter  has  been  microscopically  examined  by  Professor  Hull, 
who  finds  it  to  be  composed  of  triclinic  felspar  and  epidote,  the 
latter,  however,  occurring  as  a  secondary  mineral,  and  not  improbably 
having  replaced  augite.  (See  Geol.  Survey  Explanation  to  accom- 
pany Sheet  70,  p.  19.) 

Although  at  first  it  might  appear  that  these  basic  rocks  are  newer 
than  the  felstone  poi*phyry,  yet  there  is  good  reason  for  believing 
that  they  were  formed  about  the  same  time,  that  is,  during  the  con- 
tinuance of  the  same  volcanic  action.  Their  graduating  into  the 
agglomerate  is  a  very  good  reason  why  we  should  consider  them 
coeval  with  it,  and  their  protnision  through  the  porphyry  is  probably 
more  due  to  the  great  difierences  in  the  respective  fusibilities  of 
these  rocks  than  to  later  enijitions.  Thus,  Prof.  Jukes  writes: — 
"Granite  might  become  solid  at  a  temperature  that  would  keep 
felstone  and  trachyte  still  fluid,  and  these  might  solidify  at  tempera- 
tures which  would  keep  molten  all  greenstones,  basalts,  and  dolerites, 
so  that  from  the  very  same  stream  of  igneous  matter  proceeding 
from  the  interior  to  the  surface  of  the  earth  the  more  readily  fusible 
portions  might  be  successively  squeezed  out,  as  it  were,  as  the  infusible 
ones  solidified,  and  contracted  in  consequence  of  that  solidification, 
action  might  take  place  in  spite  of  the  greater  specific  gravity  of 
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{he  more  fusible  minerals,  since  the  difference  in  the  specific  gravities 
would  probably  be  small  compared  with  the  power  of  the  eruptive 
force."  And  in  a  note  he  adds : — '  The  chemist  is  reminded  of  the 
fact,  that  if  a  mixture  of  metals,  as,  for  instance,  tin,  bismuth,  and 
lead,  be  melted,  they  will,  as  the  mixture  cools,  have  a  tendency  to 
solidify  and  crystallize  out  separately  as  the  temperature  of  the  mass 
reaches  their  respective  melting  points.  This  constitutes  a  great 
difficulty  in  large  bronze  castings."  (Student's  Manual  of  Geology, 
p.  92.) 

I  have  now  briefly  traced  the  volcanic  history  of  this  remarkable 
mountain.  The  first  igneous  disturbances  were  apparentlv  those 
connected  with  the  formation  of  granite  through  metamorphism  of 
the  Lower  Silurian  sedimentary  strata.  This  action  was  probably  not 
unattended  with  some  manifestations  of  a  volcanic  nature,  all  traces 
of  which,  however,  were  probably  removed  even  before  the  period  of 
the  Upper  Silurian  formation ;  denudation,  assisted  by  other  physical 
agencies,  having,  as  we  have  seen  from  the  example  in  the  West  of 
Ireland,  removed  all  the  superincumbent  strata  and  exposed  the 
deep-seated  metamorphic  rocks.  At  a  subsequent  period,  probably 
about  the  close  of  the  Palsdozoic  epoch,  volcanic  disturbances  recom- 
menced, and  the  massive  dolerites  and  granitoid  rocks  were  protruded 
into,  but  not  through,  the  granitic  area.  Simultaneously  with  this 
intrusion,  or  a  little  later,  a  lateral  mass  of  molten  rock  was  projected 
sufficiently  near  the  surface  to  overcome  the  pressure  of  the  over- 
lying rocks,  throughout  a  large  area,  but,  partly  on  account  of  the 
distance  from  the  volcanic  focus,  in  conjunction  with  other  causes, 
the  eruption,  though  violent,  was  of  a  very  temporary  character,  and 
the  great  volume  of  displaced  materials  falling  back  into  the  gulf 
still  further  checked  its  activity,  so  that  the  intumescent  mass  was 
never  developed  into  lava  or  scorias. 

Perhaps  the  most  instructive  feature  in  the  physical  history  of 
this  district  is  the  evidence  it  affords  of  the  intimate  connexion 
between  the  granitic  and  the  volcanic  rocks.  Prof.  Jukes  writes  : — 
**  If  we  could  follow  any  actual  lava-stream  to  its  source  in  the  bowels 
of  the  earth,  we  should,  in  all  probability,  be  able  to  mark  in  its 
course  every  gradation  from  cinder  or  pumice  to  actual  granite.'* 
(Student's  Manual  of  Geology,  p.  93.)  Prof.  Judd  has  recently 
demonstrated  that  in  some  of  the  western  isles  of  Scotland  this  con- 
nexion can  be  traced  in  all  its  stages,  and  the  ultimate  development 
of  the  granitic  rocks  into  oont'Cmporaneous  lava  flows,  with  their 
accompanying  scorisd,  ash,  and  lapilli,  is  there  fully  exemplified.  In 
the  district  described  in  this  paper,  the  series,  though  not  so  complete, 
furnishes  another  remarkable  illustration — showing  the  passage  from 
granitoid  rocks  to  others,  which,  though  not  actuidly  volcanic,  have, 
however,  approached  near  enough  to  that  character  to  give  rise  to 
aeriform  explosions  and  the  production  of  a  rock  analogous  to 
Tolcanic  agglomerate. 
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fliKC  "^veifciaii  of  tLe  gwk^kaLl  ae?  of  :iie  e«zciL  Iuh  been  of  kte 
I  rerr  pr^HDiiifiZLdT  before  the  smhiii  bociL  ot  ^eokiigiiiti  and 
pajwisok  Tbere  i»  no  occa^bjci  co  uke  :zp  dzzii*  W  j^jrin^  a  ■ketch 
cf  aifr  laK  bistorj « jf  ihe  dLscnaeii  jo.  I  c«£  LeftTit  saip2y  to  point 
cos  Kine  constieixdoii^  whiecL  se^m.  %>  Leaaisa  ccckSfaiaBhlj  the 
vetens  of  the  phj^cal  objecd*His  lj  due  zrett  exsesK  of  geologial 
azne.  Lee  us  obaerre  b«^ore  proeeeiin^  fxrther  di«c  iv«  da  boI  wiik 
to  sToid  wfaolescme  restncdoa  of  gciiLi-^wkl  dme.  It  litems  to  me 
ttutf  it  adds  gre^j  to  the  interest  of  geologies!  iBT«ttigatioiL  to 
know  that  we  hare  not  a  wil'iemess  of  pc^sibQitT  before  as  as  to 
the  length  of  time  and  the  consequent  delibenareness  of  geological 
opeiations.  If  we  feel  inclined  to  complain  thss  Sir  WifUam 
Thomson  is  ruber  aerere  upon  as.  let  as  r^ecc  tbit  in  tbis  matter 
be  is  generosity  itaelf  compared  to  a  certain  distingiusfaed  ooUabo- 
imleor  of  his,  and  moreoTer  that  if  he  lays  a  borden  upon  our 
abooldeiB,  he  sapplies  as  with  a  good  staff  to  help  ns  in  cnnying  it 
He  points  out  that  while  the  earth  was  hotter  than  now,  its  en»gy 
was  greater,  and  the  rate  of  worldng  of  geological  agents  greateL 
This  woold  lessen  the  need  for  greatly  extended  time.  We  shoald 
admit  that  there  were,  probably,  two  circamstances  wbi<^  would 
make  that  increased  energy  less  readily  available,  and  diminish  the 
rate  of  its  expenditure.  Those  are  the  cloud-coTering  that  must 
have  enveloped  the  earth  to  interfere  with  radiation,  and  the  greater 
extent  of  sea  and  smaller  extent  of  land,  which  is  supposed  to  have 
existed  in  the  earlier  geological  ages,  which  would  lessen  the 
amount  of  denudation  by  diminishing  its  area.  The  first  physical 
objection  that  we  shall  now  mention  is  that  drawn  from  the 
8uppose<l  rate  of  cooling  of  our  globe,  and  the  time  that  would  be 
necessary  for  it  to  reach  its  present  thermal  condition.  Sir  William 
contemplates  granting  the  geologists  90,000,000  years,  though  he 
may  have  to  allow  them  only  50,000,000.  In  making  the  calcula- 
tion it  is  necessary  to  make  two  estimates  and  two  assumptions,  on 
which  to  found  the  calculation.  The  first  estimated  quantity  is  the 
increase  of  temperature  per  unit  of  depth  in  the  crust  of  the  earth, 
which  he  takes  at  V  Fahr.  for  54  feet.  The  second  is  the  con- 
ductivity of  the  body  of  the  earth,  or  at  least  of  its  less  inward  part 
Mr.  Mellard  Keade  has  shown  the  great  uncertainty  there  is  as  to 
both  of  these.  The  two  oisum'piioni  are  the  approximately  equable 
distribution  of  the  temperature  of  the  globe  at  its  first  solidification, 
and  the  constant  difference  of  temperature  between  the  surface  and 
the  interior,  of  more  than  7,000*^  Fahr. 

Tlie  next  argument  for  the  restriction  of  geological  time  which  we 
shall  consider  is  that  the  sun  cannot  be  imagined  capable  of  keeping 
by  its  radiation  the  earth's  surface  in  a  state  fit  for  the  support  of 

^Bcing   a  paper  read    before   the  British  Association   (Section  C),  Dublin, 
21,  1878. 
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vegetable  and  animal  life  for  a  time  as  long  as  the  geologist  would 
require.  If  I  might  presume  to  express  an  opinion  on  the  subject, 
it  seems  to  me  that  this  is  the  argument  which  is  calculated  to  cause 
the  greatest  anxiety  to  geologists.  The  period  of  the  sun's  radiation 
depends  upon  two  principal  assumptions,  not  to  mention  some  others 
of  much  less  importance,  and  these  are  the  amount  of  heat  at  the 
disposal  of  the  sun,  and  his  power  of  radiating  it.  As  to  the  latter, 
his  radiating  power,  the  physicists  have  kindly  come  to  our  help  and 
mitigated  our  difficulty  considerably  by  showing  us  how  to  restrain 
his  otherwise  too  lavish  radiation  when  he  was  still  young.  We 
shall  content  ourselves  with  thanking  them  for  their  help,  and  pass 
to  the  other  point.  Now,  then,  as  to  the  amount  of  potential  heat 
that  there  was  in  the  solar  system  nebula  to  be  afterwards  realized 
by  the  sun.  This  is  calculated  on  two  assumptions,  both,  it  must  be 
candidly  confessed,  very  reasonable  ones,  yet  both  we  must  at  the 
same  time  claim  to  be  not  proven.  The  first  is,  that  the  nebula 
-whence  the  solar  system  was  to  be  formed  had  no  energy  worth 
speaking  of  proportionately,  but  the  potential  energy  of  gravitation 
wherewith  to  start  on  its  career  of  evolution  ;  and  the  second  is  that 
the  unit  of  gravitation,  at  least  within  the  range  of  the  origiual 
nebula,  and  of  the  resulting  solar  system,  has  always  been  constant. 
Dr.  Croll's  suggestion  in  answer  to  the  first  of  these  is  well  known 
— ^viz.  that  it  may  have  been  the  very  heat  of  the  nebula  which 
caused  it  to  exist  as  such,  and  that  its  heat  may  have  been  produced 
by  the  collision  of  two  cosmical  masses.  We  shall  not  go  into  this 
now ;  we  shall  merely  endeavour  to  remove  the  objection  that  has 
been  made  to  it.  It  is  admitted  that  such  collisions  occasionally 
take  place,  but  it  is  objected  that  they  are  rare,  and  that  the  chance 
of  any  particular  cosmical  body  colliding  with  anothei:  within  a  con- 
siderable number  of  millenniums  is  indefinitely  small.  Most  true  : 
but  in  the  first  place  for  how  many  cosmical  aeons  were  we  waiting 
for  our  collision  ?  On  foot  of  this  account  the  geologists  have  practi- 
cally unlimited  funds  to  their  credit  in  the  Bank  of  Time.  But 
besides  this  there  seems  to  be  some  misconception  in  this  objection 
of  the  improbability  of  this  collision.  The  very  same  accident  or  co- 
inoidenoe  may  be  to  one  observer  a  matter  of  indifference,  and  per- 
fectly credible  on  comparatively  slender  testimony,  and  it  may  be  to 
another  so  remarkable  and  striking  as  to  be  not  easily  believed,  or 
only  to  be  explained  as  a  direct  interposition  of  Providence — accord- 
ing to  the  point  of  view  of  the  observer,  according  as  he  happens  to 
be  concerned  with  the  coincidence.  It  seems  to  me  that  the  present 
objection  has  no  weight ;  it  has  scarcely  any  meaning  except  from 
the  anthropocentric  point  of  view,  and  that  cosmologists  ought  to 
consider  cosmological  questions  from  a  higher  standpoint.  But, 
besides  this,  not  only  does  Dr.  GroU's  suggestion  afford  relief  to  the 
geologists,  but  I  respectfully  submit  that  the  physicists  themselves 
might  be  glad  to  avail  themselves  of  it. 

We  are  told  most  truly  that  the  falling  together  of  the  materials 
of  a  cold  nebula  is  ''  a  thoroughly  intelligible  source  of  heat."  But 
what  about  the  source  of  the  cold  nebula  itself?    Is  that  athoxo^^^^^^-^ 
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ilutteUigible  matter  ?  I  submit  that  if  we  try  to  tiaoe  tiie  line  of 
causation  into  a  oold  nebula,  when  we  have  got  there  we  shall  find 
ourselves  in  a  cuL-de-sac^  and  can  go  no  further.  Moreover,  we  are 
^ot  entitled  to  take  it  as  an  ultimate  fact  without  the  strongeit 
reasons.  It  is  not  the  custom  of  the  physicists  to  take  refuge  in 
Agnosticism  as  long  as  they  can  possibly  avoid  it  In  other  matten 
they  will  trace  the  steps  of  causation  as  far  back  as  they  poasibfy 
can.  Let  us  then,  instead  of  going  back  into  a  cold  nebula  whidi 
cannot  be  accounted  for,  take  the  other  turn  into  a  heated  one,  for 
which  there  is  "  a  thoroughly  intelligible  source,**  in  the  relatiTe 
motion  of  cosmical  masses  which  we  know  to  be  an  actual  &ct 
We  do  not  know  that  a  cold  nebula  is  a  fact  in  this  stage  of  the 
universe.  All  the  nebulsB  of  which  we  know  are  apparently  glowing 
with  heat,  and  considering  the  apparent  tenuity  of  them,  and  the 
enormous  dimensions  of  some,  it  is  highly  probable  that  their  beat 
is  the  result  of  the  falling  together  of  their  parts.  As  to  the 
gravitation  attraction  being  the  sole  force  that  was  to  cause  the 
molecular  falling  together  of  the  materials  of  the  nebula,  we  do  not 
know  that  this  was  so.  The  shapes  of  some  nebulae  and  the 
behaviour  of  others  by  no  means  encourage  the  belief  that  Uie 
gravitation  attraction  is  the  sole  connexion  between  their  parts. 

But  as  to  the  gravitative  attraction  itself,  granting  that  it  was  the 
origin  of  the  potential  energy  of  the  solar  system  nebula,  do  we  know 
that  the  unit  of  gravitation   is  constant  throughout  the  enormoiu 
interstellar  space  that  has  been  traversed  by  our  system  since  it  first 
began  to  fall  together?     Kecent  physical  speculations  contemplate 
gravitation  as  being  not  an  inherent  essential  property  of  matter 
itself.     If  it  were  so,  we  might  well  suppose  it  to  be  unchangeable, 
as  inertia  most  probably  is.     But  it  is  conceived  of  as  depending 
upon  the  action  of  an  external  gravific  medium,  which  might  or 
might  not  be  there.     And  there  seems  to  be  nothing  to  lead  us  to 
believe  that  the  energy  of  that  medium  must  be  uniform  through- 
out time  and  space.     Some  physicists  conceive  of  that  medium  as 
being  itself  not  amenable  to  the  law  of  the  conservation  of  energy; 
there  is  no  inconsistency   whatever  in  this.      But  it    is    rather  a 
startling  position  to  take  up,  and  to  avoid  the  necessity  of  doing 
so,  Mr.  Tolver  Preston  suggests  that  the  gravific  medium  may  be 
comparable   in   its   structure  to   a  gas  with  an  exceedingly  great 
yet  limited  mean  excursion  of  its  particles.     This  would  limit  tiie 
range  of  gravitation  between  two  material  particles,  though  we  have 
now  nothing  to  do  with  that.     And  he  suggests  that  the  light  and 
heat  which  is  supposed  to  be  entirely  dissipated  and  lost  in  space 
may  not  be  really  so — the  luminiferous  ether  may  be  all  the  while 
paying  back  to  the  gravific  medium,  in  some  way  unknown  to  us, 
the   energy  which   it  is  expending  in  producing  the  heat  of  the 
countless  suns.     ITiis  would  certainly  be  more  in  analogy  with  what 
we  see  around  us  of  the  transformation  of  energy.     Now,  let  us  join 
with  this  Poisson's  idea  that  the  so-called  temperature  of  space — the 
whole  radiation  of  the  stars  at  any  place — is  not  uniform,  and  it 
i:^sult8  from  speculations  made  by  physicists  themselves,  not  in  the 
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ihterests  of  geology,  that  the  unit  of  gravitatioii  may  liot  be  constant 
throughout  time,  nor  through  the  enormous  length  of  interstellar 
space  traversed  by  the  solar  system  mass  since  it  first  began  to  fall 
together.  We  therefore  cannot  assert  that  we  know  what  potentitd 
energy  was  possessed  by  that  mass  at  that  time,  and  what  amount 
of  heat  for  the  sun  to  radiate  at  that  time  could  be  produced  thereby. 
If  thero  is  too  much  boldness  in  these  speculations,  it  is  not  the 
geologists  who  are  accountable  for  that.  Let  us  hope  that  the 
physicists  may  not  withdraw  them  when  they  find  that  they  may  be 
turned  to  the  advantage  of  geology. 

We  now  come  to  the  argument  from  the  figure  of  the  earth, 
taken  in  connexion  with  the  circumstance  that  her  rate  of  rotation 
Inust  be  diminishing — diminishing  in  consequence  of  the  excess  of 
the  retardation  caused  by  the  tides  over  the  acceleration  caused 
by  her  contraction  in  cooling.  The  argument  is  this — when  the 
earth  consolidated  she  became  as  rigid  as  steeL  Then,  since  the 
earth's  figure  is  now  so  very  nearly  that  due  to  her  present 
rotation  rate,  she  must  have  consolidated  when  her  rotation  was 
but  little  higher  than  now — that  is  to  say,  a  comparatively  short 
while  ago.  One  reply  which  I  have  heard  made  by  Professor 
Haughton  is  this — ^that  when  the  earth  had  first  solidified,  her  high 
temperature  would  cause  rapid  cooling ;  this  would  produce  rapid 
contraction ;  this  would  cause  acceleration  of  her  rotation,  which  at 
first  would  overpower  the  tidal  retardation,  but  after  the  lapse  of 
a  long  time  would  sink  to  an  equality  therewith.  Then  the  tidal 
retardation,  even  though  remaining  constant,  would  obtain  the  pre- 
eminence, and  after  the  lapse  of  another  long  time  bring  down  the 
rotation  rate  again  to  what  it  was  at  first  solidification.  So  that,  for 
all  that  appears  to  the  contrary,  the  time  that  has  elapsed  since  first 
solidification  took  place,  consists  of  two  long  periods,  and  may  be  as 
great  as  geologists  need  wish  for.  This  answer  accepts,  at  least  for 
the  sake  of  argument,  the  steel  rigidity  of  the  globe,  €uid  is,  I 
conceive,  sufficient     But  I  would  beg  leave  to  point  out  another. 

Sir  William  Thomson  has  himself  very  seriously  shaken  the 
foundation  of  the  doctrine  of  the  steel  rigidity  of  our  globe.  This 
doctrine  had  formerly  two  grand  supports,  and,  as  far  as  I  ceui  find 
out,  only  two.  Of  these.  Sir  William  has  completely  shattered  one, 
that  which  rested  on  the  amount  of  precession  and  nutation ;  and 
he  has  greatly  discredited  the  other,  for  the  present  at  least,  that 
which  rested  on  the  magnitude  of  the  ocean  tides.  He  still  con- 
siders that  the  evidence  of  the  tides,  as  far  as  it  goes.,  points  to  the 
high  rigidity  of  the  earth,  but  he  shows  that  the  semi-diurnal  and 
diurnal  tides  are  to  be  laid  aside  for  one  reason,  and  the  semi-annual 
and  annual  for  another.  The  only  tides  that  he  looks  to  for  the 
determination  of  the  amount  of  the  earth's  rigidity  are  the  lunar 
fortnightly  and  monthly  tides.  But  now  observe,  he  says,  that  the 
Tide  Committee  of  the  Association  *'have  not  hitherto  succeeded 
in  obtaining  any  trustworthy  indications  of  these  tides,"  but  the 
indications,  such  as  they  are,  '*  seem  to  show  possibly  no  sensible 
jrielding,  or,  perhaps^  more  probably  some  degree  of  yielding  of  tlie 
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earth's  figure."  "  But  though  the  testimony  of  these  two  tides  is 
still  so  douhtful,  let  us  accept  it"  The  hody  of  the  earth  yields 
very  little  to  a  fortnightly  or  a  monthly  change  of  strainiDg  force. 
But  what  ahout  the  18*6  year  variation  of  force  connected  with  the 
revolution  of  the  moon's  nodes  ?  Sir  "William  Thomson  says,  "The 
nhsenoe  from  all  the  results  of  any  indication  of  an  18*6  year  tide 
is  not  easily  explained  without  assuming  or  admitting  a  oonsiderabld 
degree  of  yielding."  Observe  how  much  clearer  and  stronger  his 
language  is 'now  than  before.  There  being  no  perceptible  18*6  year 
tide  in  the  ocean,  we  conclude  that  the  body  of  the  earth  must  yield 
nearly  as  much  as  water  to  the  variation  of  tidal  force  having  that 
long  period,  though  it  will  only  yield  a  very  little  to  a  fortnightl? 
or  a  monthly  variation.  The  meaning  of  that  is,  that  the  rigidity  of 
the  earth,  though  so  high  as  to  amount,  is  as  to  qualify  a  viscous 
rigidity.  The  peculiar  character  of  a  viscous  solid  is  well  known 
and  illustrated  by  a  stick  of  seeding  wax.  The  earth,  then,  mar 
yield  as  much  as  geologists  need  desire  to  the  continued  decrease  of 
the  centrifugal  force  of  rotation.  And  therefore  it  may  be  hundreds 
of  millions  of  years  since  she  became  solid,  although  her  shape  now 
so  nearly  corresponds  to  her  present  rate  of  rotation.  There  are 
quite  independent  considerations  which  make  it  most  probable  that 
the  rigidity  of  substances  at  a  much  higher  temperature  than  that  of 
free  fusion,  but  kept  solid  by  pressure,  is  generally  a  viscous  rigidity. 

I  would  beg  leave  to  suggest  a  method  by  which  the  3rielding  of 
the  earth  to  the  18*6  year  change  of  tidal  force  could  in  all  probabilitj 
be  verified.  If  there  be,  as  there  certainly  seems  to  be,  "  a  consider- 
able degree  of  yielding  "  to  this  in  the  body  of  the  earth,  it  consists 
of  an  alternate  rising  and  sinking  of  the  whole  equatorial  belt  of  our 
globe  together.  This  must  alternately  diminish  and  increase  the 
rate  of  the  earth's  rotation — diminish  it  while  the  moon's  ascending 
node  is  passing  (retrogressively)  for  8*55  years,  from  about  15  deg. 
"W.  of  the  winter  to  the  same  distance  E.  of  the  summer  solstice,  and 
for  10*05  years  r.t?.  I  believe  that  this  change,  though  very  small, 
is  of  an  order  of  magnitude  that  could  be  detected  by  the  astronomers 
if  they  would  kindly  undertake  to  look  f9r  it.  They  could  not  use 
the  moon  as  their  timepiece,  her  tables  not  being  yet  as  correct  as 
would  be  necessary  in  this  case.  But  they  have  promised  us  revised 
tables  of  the  Satellites  of  Jupiter,  and  when  they  shall  have  fulfilled 
their  promise  the  innermost  satellite  would  doubtless  make  a  time- 
piece sufliciently  accurate  for  the  purpose. 

NoTB, — The  following  coincidence  seems  worth  mentioning,  though 
doubtless  only  accidental.  Professor  Newcomb  has  thrown  out  the 
suggestion  that  certain  unexplained  irregularities  in  the  moon's 
motion  may  be  only  apparent  and  caused  by  inequalities  in  the 
earth's  rate  of  rotation.  He  has  concluded  that,  if  this  be  so,  the 
earth  was  going  slow  in  her  rotation  from  1850  to  1862,  when  she 
began  to  go  fast.  Now,  from  the  above-mentioned  cause  the  earth 
would  go  slow  from  November  26,  1852  (or  very  shortly  after),  to 
March  12,  1862  (or  very  shortly  after),  when  she  would  begin  to  go 
fast  again.     The  near  coincidence  is  curious.    But  that  is  all ;  foe 
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while  tbe  18*6  year  tide  in  the  body  of  the  earth  would  keep  the 
earth  fast  from  1862  only  to  Jane  30,  1871,  Professor  Newcorab*8 
observations  would  show  that  the  earth  has  been  going  fast,  at  least 
down  to  the  latter  part  of  last  year — 1877 ;  and  besides  the  changes 
caused  by  the  18*6  year  tide  could  not,  I  believe,  be  as  large  as  those 
deduced  by  Professor  Newcomb  from  the  apparent  variations  of  the 
moon's  motion. 
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By  George  Maw,  F.L.S.,  F.G.S. 

FOM  Haysville  I  proceeded  to  Toronto,  thence  down  Lake 
Ontario,  with  flat  shelving  shores  here  and  there,  with  a  low 
cliff  of  lake  silt,  in  which,  as  far  as  I  could  observe  from  the  steamer, 
glacial  boulders  were  absent,  though  inland  from  the  lake  glacial 
drift  was  everywhere  visible.  The  "Thousand  Islands,"  at  the 
eastern  end  of  the  lake,  seemed  to  consist  in  part  of  glacial  drift ; 
some  of  the  smaller  islands  of  granite  or  a  hard  metamorphio  rock, 
the  whole  densely  covered  with  low  deciduous  woods  and  Hemlock 
Spruce.  The  low  rocks  were  thoroughly  rounded  by  ice  action, 
possibly  by  post-glacial  floating-ice  passing  over  them,  prodigious 
quantities  of  which  are  annually  carried  down  the  river  during  the 
spring  thaw.  The  lake  gradually  narrows  amidst  an  archipelago  of 
little  islands,  and  tapers  imperceptibly  into  the  great  river.  One  of 
the  most  striking  features  throughout  its  length  to  Montreal  is  the 
absence  of  that  sloping  conformation  of  the  land  towards  the  river 
channel,  the  result  of  graduated  subaerial  drainage  which  is  character- 
istic of  most  large  river  valleys,  and  the  St.  Lawrence  seems  placed 
inharmoniously  in  relation  to  the  adjacent  land  contour.  It  has  its 
channel  between  low  banks,  and  that  is  all,  and  the  observer  fails 
to  detect  that  graduated  contour  which  the  contributory  ramifications 
of  all  ancient  rivers  have  sculptured  from  their  watersheds  to  their 
main  channels  of  drainage;  moreover,  the  St.  Lawrence  has  an 
indecisive  course,  here  splitting  itself  up  against  trifling  obstacles 
into  numerous  channels,  again  uniting  and  spi-eading  itself  out  into 
broad  shaUow  lakes  over  the  land,  reminding  one  of  the  behaviour 
of  a  sudden  rush  of  storm-water  over  a  course  unprepared  for  it. 
The  St  Lawrence  is  obviously  a  new  river  and  supplies  a  fresh 
line  of  drainage  compared  with  the  ages  of  many  other  rivers,  and 
its  history  must  be  viewed  in  relation  to  the  origin  of  the  great 
chain  of  lakes  of  which  it  is  the  outlet. 

The  surface  levels  of  the  lakes  step  gradually  upwards.  Ontario 
is  235  feet  above  the  sea ;  Erie,  564  feet ;  Huron,  595  feet ;  Superior, 
627  feet  above  the  sea.  But  their  depths  have  no  relation  to  the 
order  in  which  they  occur  from  the  watershed  to  the  sea,  for  the 
bottom  of  Ontario  nearest  the  sea  is  365  feet  below  the  sea-level. 
The  bottom  of  Erie  is  462  feet  above  the  sea-level  of  Huron,  145 
feet  above  the  sea ;  and  of  Superior,  at  the  inland  end  of  the  chain 

^  Extracted  from  <<  American  Notee,"  Qardmeri  ChrimieU^  1878,  pp.  169, 170. 
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of  lakes,  65  feet  below  the  sea.  Michigaii  is  merely  a  great  bij 
lying  off  from  the  main  line  of  drainage.  It  is  obTioiiB  that  tlia 
]ire6ent  relative  depths  of  the  oonneoted  chain  of  lakes  are  inoan- 
sistent  with  their  being  merely  the  flooded  sections  of  an  old  riTer 
valley,  for  the  bottom  of  Ontario,  the  lake  nearest  the  sea  oat£ow, 
is  365  feet  below  the  sea,  and  600  feet  below  its  own  oiitflow  into 
the  St  Lawrence ;  the  bottom  of  Superior,  the  lake  fbrtbesi  inland, 
is  65  feet  below  the  sea,  and  527  feet  below  the  bottom  of  Erie, 
which  intervenes,  and  no  leas  than  about  570  feet  below  the  riTer- 
bed  outlet  of  Erie. 

A  glance  at  the  map  will  show  how  closely  the  watenbed  line 
environs  the  great  lake  district  The  lakes  receive  no  long  riven, 
and  it  is  a  mere  narrow  belt  of  land  that  drains  into  them,  beyond 
which  the  drainage  goes  north  towards  Hudson's  Bay,  aoath  towank 
the  Mississippi,  and  east  by  the  Ottawa.  Sevend  of  the  riven 
running  into  the  great  lakes  have  on  the  map  a  ourions  aspect  of 
continuity  with  the  tributaries  of  the  Mississippi  system ;  thii  ii 
especially  noticeable  in  the  case  of  the  Wisconsin  flowing  into  the 
Mississippi,  and  Fox  Biver  flowing  north-east  into  Green  Bay  of 
Lake  Michigan.  The  same  relation  is  observable  between  the 
Wabash  flowing  into  the  Ohio,  and  the  Maumee  running  into  Lake 
Erie ;  and  it  is  worthy  of  observation  that  the  tributaries  of  the 
Maumee  are  bent  baok  in  a  direction  rather  ranging  with  the 
direction  of  the  confluents  of  the  Wabash  than  with  that  of  the 
Maumee,  with  which  their  main  course  forms  an  acute  angle  n^atiiat 
the  stream.  If  the  lake  area  is  a  region  of  depression,  it  seems 
possible  that  the  extremities  of  the  confluents  of  the  Mississippi 
may  have  been  depressed  towards  the  lakes,  and  the  waterflow 
diverted  northwards  without  the  old  valleys  being  obliterated. 

We  must  set  aside  the  view  that  the  chain  of  large  lakes  is  due 
to  glacial  excavation ;  for  Ontario,  the  deepest  of  the  lakes  running 
east  and  west,  is  in  lower  latitude  than  Huron,  the  bottom  of  which 
is  510  feet  above  that  of  Ontario,  and  there  is  no  high  ground  about 
Ontario  from  which  ice  could  have  originated  as  a  preponderating 
mass,  capable  of  excavating  Ontario  600  feet  deep  ;  nor  is  there  any 
such  mass  of  debris  anywhere  to  be  seen  about  the  lake  as  would 
represent  such  an  excavation. 

New  York  State,  bordering  on  Ontario,  abounds  with  small  lakes, 
running  north  and  south,  between  escars  and  drift  ridges,  evidently 
of  glacial  origin,  and  which  have  nothing  in  common  with  the 
direction  or  character  of  the  larger  lakes,  which  must  be  the  result 
of  the  subsidence  of  the  area,  bounded  by  their  environing  water- 
shed, resulting  in  a  fresh  basin  of  drainage  towards  the  Atlantic, 
the  former  drainage  of  which  was  divided  between  the  Mississippi 
basin,  Hudson's  Bay,  and  the  Ottawa.  The  contour  of  the  land 
surface  north  and  south  of  the  great  lakes  seems  to  indicate  that  the 
subsidence  of  the  containing  area  was  subsequent  to  the  glacial  ex- 
cavation of  the  numerous  small  lakes  running  north  and  south,  and 
it  seems  probable  that  the  Niagara  gorge,  as  well  as  the  St.  Lawrence, 
down  to  its  junction  with  the  Ottawa  River,  are  of  post-glacial  origin. 


Notices  of  Memoirs — Prqf.  E.  Hulk  457 

n. — On  thb  Gxolooy  of  thi  Enyibons  op  Dubiju.*     By  Prof. 

E.  Hull,  M.A.,  F.RS. 

THE  author  remarked  that  the  subject  had  been  ably  treated  by 
the  Bev.  Maxwell  Close,  President  of  ^e  Royal  G^logtcal  Society 
of  Ireland,  in  the  hand-book  issued  by  the  Local  Committee  of  the 
British  Association.  An  excellent  account  of  the  same  subject  had 
been  given  by  Mr.  Baily,  and  also  in  the  very  interesting  publica- 
tion called  "  Science  Gbssip."  It  had  been  the  habit  to  bc^n  the 
meetings  of  the  Section  by  giving  a  short  description  of  the  locality 
in  which  the  Section  met,  and  in  conformity  with  that  custom  he 
would  give  a  brief  account  of  the  geological  structure  of  the 
environs  of  Dublin.  Before  doing  so,  he  might  refer  to  the  physical 
features  for  the  benefit  of  the  strangers,  who  had  honoured  them 
with  their  presence.  The  first  feature  that  strikes  the  stranger 
upon  entering  Dublin  Bay  is  the  beautiful  range  of  hills,  with  their 
several  sharp  or  prominent  peaks,  lying  to  the  southward.  These 
are  the  extremely  northern  points  of  the  Dublin  and  Wicklow 
mountains,  which  might  be  called  the  south-eastern  highlands  of 
Ireland.  They  commence  in  the  neighbourhood  of  Kingstown  and 
Killiney,  and  extend  in  nearly  a  southerly  direction  to  Waterford, 
a  distance  of  about  40  miles,  with  an  elevation  at  Lugnaquilla  of 
3039  feet.  To  the  north  and  west  of  this  range  extends  the  great 
central'  plain  of  Ireland,  which  stretches  from  the  shores  of  the 
Irish  Sea,  between  Dublin  and  Dundalk,  across  the  country  towards 
Galway  Bay.  It  is  bounded  on  the  south  of  this  range  of  hills, 
which  commences  at  the  Devil's  Bit,  extending  southwards  towards 
the  county  Limerick,  crossing  the  Shannon  above  Limerick,  and 
going  towards  Clare  and  Galway;  thus  forming  the  outworks  of 
the  great  south-western  highlands,  which  includes  the  mountains 
of  Kerry,  Cork,  and  Waterford.  To  the  north  there  is  another 
range  of  hills  of  not  so  great  an  elevation,  and  then  to  the  west  are 
the  western  highlands  of  Qalway,  Mayo,  and  Sligo,  including  the 
beautifully  picturesque  tract  of  Connemara.  All  these  hills  are  of 
older  formations  than  the  central  plain.  They  rise  from  beneath 
that  plain,  throwing  off  the  newer  formations  in  every  direction. 
It  is  a  curious  geological  paradox  that  the  oldest  formations 
generally  occupy  the  highest  ground.  As  to  the  geological 
structure,  it  might  be  better  to  take  the  order  of  deposition  or 
natural  order  of  birth.  The  oldest  formations  in  Ireland  are  repre- 
sented in  the  neighbourhood  of  Dublin  to  the  north  and  south  of 
the  bay.  This  formation  is  called  the  Cambrian,  similar  to  the 
Lower  Cambrian  in  North  Wales.  They  consist  of  enormous  thick- 
nesses of  reddish  and  green  slates,  grits,  and  quartzites  traversed 
by  great  fissures.  These  beds  are  very  well  laid  open  along  the 
railway  cuttings  at  Bray  Head,  where  some  would  have  an  oppor- 
tunity of  inspecting  them  on  Saturday ;  also  at  the  Hill  of  Howth, 
where  the  strata  was  of  a  precisely  similar  character.  They  were 
characterized  by  very  simple  forms  of  smimal  life — OldKamia  of  two 

^Bead  before  the  British  Aflsociatioii  for  the  AdTancement  of  Science,  Dublin, 
(Section  C),  Angost  15, 1878. 
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gpecies,  and  also  by  tracks  and  borings  of  marine  worms.    This 
formation  was  immediately   succeeded    by  what    was    called   the 
Lower  Silurian,  which  formed  the  main  tract  of  the  country,  ascend- 
ing the  mountains  in  some  instances  even  to  the  summit  of  Lugna- 
quilla,  the  oore  of  the  range  being  granite.     This  granite  had  been 
intruded  through  the   Silurian  rocks,   and,  curiously   enough,  not 
through  the  Cambrian  rocks,  bat  had  affected  the  Lower  Silurian 
rocks  to  such  a  degree  that,  from  being  formed  of  fossiliferous  slates 
and  grits  of  a  darkish  grey  and  brown  colour,  they  had  been  ood- 
verted  into  what  was  called  '*  metamorphio  strata,"  accompanied  by 
the  development  of  certain   minerals.     Mica  had  been  developed 
where  these  rocks  came  into  close  proximity  with  granite.     Granite 
was,  therefore,  of  a  newer  date  than  these  Lower  Silurian  rocks,  for 
otherwise  the  Lower  Silurian  would  not  have  been  metamorphosed 
by  contact  with  the  granite.     The  junction  was  very  well  seen  in 
numerous  places,  especially  at  the  foot  of  Killiney  Hill,  where  the 
dykes  of  granite  could  be  seen  penetrating  the  slaty  and  micaoeoas 
schists,  also  at  the   remarkable  gap,  the  Scalp,  and  on  ascending 
Glendalough  Valley.     The  chief  limestones  were  to   be    found  at 
the  chair  of  Eildare,  and  on  the  east  coast  opposite  Lambay  Island. 
These  were  representatives  undoubtedly  of  the  Bala  limestone  of 
North    Wales,   and  had  yielded  a    magnificent    series    of    fossils 
representing  the  Lower  Silurian   period.     This  brought  them  to 
the   subject  of  the   age   of  the  Dublin  and  Wicklow  mountains; 
when   they   were   first   elevated;    when   they   first  received   their 
great  foldings  and  contortions,  and  when  the  enormous    mass  of 
molten  matter  now  constituting  granite  was  first  intruded  amongst 
these  bodies.     To  determine  this  question  thoy  had  of  course  to  refer 
to  formations  newer  than  the  Lower  Silurian.     At  the  extremity  of 
the  Wicklow  and  Wexford  range  they  found  Old  Red  Sandstone 
resting  discordantly  on  the  upper  edges  of  the  Silurian  rocks.    There- 
fore, the  Old  Red  Sandstone  was  newer  than  the  period  of  metamor- 
phosis, which  was  the  period  of  the  first  birth  of  these  mountains. 
Just  as  in  Scotland,  along  the  fianks  of  the  Grampian  Hills,  they 
found  the  Old  Red  Sandstone  resting  upon  the  crystalline  rocks, 
which  were  of  the  same  age  as  those  of  the  Dublin  mountains.    Thus 
they  had  in  both  countries  similar  phenomena.     The  Silurian  rocks 
were  upheaved  and  converted  into  land  before  the  Old  Red  Sandstone 
period.     He  believed  the  age  of  the  Dublin  and  Wicklow  mountains 
might  be  placed  at  that  interval  of  time  which  elapsed  between  the 
close  of  the  Lower  Silurian  period  and  the  commencement  of  the 
Upper  Silurian  period.     The  Old  Red  Sandstone  was  scarcely  repre- 
sented within  the  area  described,  except  in  the  neighbourhood  at 
Kiltorcan,  on  the  borders  of  the  counties  Wicklow,  Wexford,  and 
Carlow.     It  had,  however,  yielded  some  magnificent  ferns  and  other 
fossil  plants  which  could  be  seen  in  the  Museum  of  the  College  of 
Science.     The  next  formation  was  the  Carboniferous,  which  was, 
perhaps,  the  most  important,  extending  over  the  plain  north  and 
south,  and  principally  represented  in  the  neighbourhood  of  Dublin, 
"t  consisted  of  three  divisions — lower,  middle,  and  upper.     The 
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middle  was  of  an  earthy  character,  darkened  by  carbonaceous  mate- 
rial, probably  that  of  marine  algsB.  The  whole  formation  was 
undoubtedly  a  great  marine  or  oceanic  deposit  It  was  in  the  first 
place  full  of  marine  shells,  the  same  as  those  existing  in  the  sea  at  the 
present  day.  Taking  a  thhi  section  of  any  specimen  of  Carboniferous 
Limestone,  however  dense  and  apparently  unfossiliferous,  let  the  slice 
be  so  thin  as  to  be  transparent  under  a  microscope,  and  they  would  find 
it  consisted  of  a  mass  of  shells  resembling  those  of  the  little  animals  of 
the  simple  forms  of  life  which  exist  in  such  vast  numbers  over  the  floor 
of  the  ocean  at  the  present  day,  namely,  Foramini/era.  The  Carboni- 
ferous Limestone  was  in  all  about  3000  feet  thick,  so  that  the 
building  up  of  the  great  organic  formation  over  the  floor  of  the  ocean 
must  have  taken  a  period  of  indefinite  duration.  When  they  went 
to  Kilkenny  and  Carlow,  they  found  the  representatives  of  the  Middle 
and  Upper  Carboniferous  series  analogous  to  that  of  the  British  and 
Welsh  Coal-fields.  Professor  Hull  then  proceeded  to  refer  to  glacial 
deposits.  No  one  had  contributed  more  to  the  elucidation  of  this 
subject  than  the  Eev.  Maxwell  Close.  He  had  shown  that  the  whole 
of  this  part  of  Ireland  was  at  one  time  covered  by  a  thick  sheet  of 
ice,  which  has  left  its  marks  upon  the  solid  rock  wherever  that  rock 
has  been  sufficiently  protected  to  prevent  the  marks  being  obliterated 
by  time.  Those  who  would  be  able  to  be  present  at  the  examination 
of  Bray  Head  on  Saturday  would  have  an  opportunity  of  seeing  the 
glacial  scorings  and  groovings  upon  the  surface  of  the  quartzite  near 
Killiney  Hill.  Drift  formations  were  well  represented  in  the  neigh- 
bourhood of  Dublin.  They  consisted  of  three  divisions.  The  oldest 
was  Boulder-clay — a  formation  which  disgusted  and  dismayed  engi- 
neers and  contractors,  but  had  furnished  a  good  deal  of  interesting 
speculation  to  geologists.  It  contained  blocks  of  rock  generally 
glaciated  or  worn  by  ice,  grooved,  and  scored.  Some  of  these  glacial 
stones  were  to  be  found  in  the  present  excavations  at  Stephen's 
Green.  The  stones  were  not  only  grooved  and  scored,  but  had  a 
polished  surface,  showing  that  they  had  been  ground  and  rubbed 
over  solid  rock  as  the  ice  was  moving  along.  Undoubtedly  the 
Lower  Boulder-clay  was  the  result  of  the  original  ice-sheet  which 
covered  the  whole  country,  moving  in  the  neighbourhood  of  Dublin 
from  the  north-west  towards  the  east  and  south-east,  and,  what  was 
very  remarkable,  moving  through  the  central  plains  over  the  hills 
which  rise  between  it  and  the  sea,  by  a  force  he  was  not  going  to 
speak  further  of.  Iiet  them  just  fancy  that  sheet  of  ice  being  obliged 
to  pass  from  the  lower  ground  over  such  hills  as  Killiney  and  Bray 
Head  out  towards  the  sea.  The  Lower  Boulder-clay  was  succeeded 
by  another  series  of  drift  strata,  entirely  different,  consisting  of 
stratified  sands,  gravels,  and  marine  shells.  A  beautiful  selection 
of  these  shells  was  open  for  examination  at  Howth,  close  to  the 
telegraph-station  at  the  beach,  and  in  half  an  hour  an  excellent  col- 
lection of  glacial  shells  of  the  period  might  be  obtained.  These 
shelly  gravels  were,  of  course,  deposited  under  totally  different  con- 
ditions from  Boulder-clay,  which  underlay  them,  because  they  were 
evidently  deposits  which  had  been  formed  in  the  sea  of  the  period. 
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lli««6  shelly  gravels  only  covered  portions  of  a  lower  tract  of 
ivuutry  in  the  neighbourhood  of  Dnblin,  and  they  ascend  the  flanks 
of  mountains  to  me  height  of  1100  or  1200  feet  above  the  ses» 
showing,  he  thought,  that  the  land  had  subsided  to  that  extent 
lieneath  the  sea,  so  that  only  the  mountains  of  higher  elevations 
would  rise  above  the  level  of  the  water  and  appear  aa  islands, 
ll^ere  was  another  very  remarkable  formation^  that  of  the  Upper 
Boulder-clay,  which  could  be  seen  at  Howtb,  and  which  soooeeded 
that  to  which  he  had  alluded.  There  was  only  one  other  fonnation 
to  which  he  would  refer,  and  that  was  the  remarkable  raised 
beach  which  extended  along  the  eastern  coast  from  Wicklow  to 
the  Giant's  Causeway,  round  to  DonegaL  This  raised  beach  wss 
represented  by  a  terrace  of  shelly  gravel  belonging  to  the  neigh* 
bouring  seas,  and  showed  that  the  shore  had  been  within  a  veiy 
recent  period  elevated  from  3  to  4  or  10  feet  in  the  neighbourhood 
of  Dublin,  and  to  a  greater  degree  in  the  North.  This  beacdi  was 
shown  by  the  Esplanade  at  Bray,  which  was  really  an  old  sea* 
bottom  raised  five  or  ten  feet  above  the  original  position.  In  the 
North  of  Ireland  the  shelly  beach  was  found  to  contain  some  of 
those  arrow-heads  and  flint  instruments  to  which  the  President  had 
alluded.  They  would  see  from  what  he  had  said  that  they  had 
within  a  short  compass  a  very  considerable  series  of  formations,  and 
he  hoped  the  sketch  he  had  given  would  enable  geologists,  and 
those  who  took  an  interest  in  the  subject,  to  better  understand  than 
they  otherwise  would  some  points  of  interest  in  the  geological 
structure  of  the  neighbourhood  of  Dublin. 


III. — On  some  New  Pre-Cambrian  Areas  in  Walks.*     By  Henet 

Hicks,  M.D.,  F.G.S. 

DIJEINO  some  recent  researches  in  Wales  the  author  has  been  able  to 
add  many  new  areas  to  the  pre-Cambrian  rocks  already  described. 
In  these  examinations  he  has  been  assisted  at  different  times  by  Prof. 
Torrel,  of  Stockholm,  Prof.  McKenny  Hughes,  Mr.  Tawney,  F.G.S., 
and  Dr.  Sterry  Hunt,  of  Montreal.  The  additional  areas  to  be  now 
added  to  those  previously  known  are : — 

1.  Some  cupriferous  schists  with  their  associated  greenstone  bands 
(the  so-called  intrusive  greenstone  of  the  Geological  Survey)  to  the 
north  of  Dolgelly,  and  including  a  great  portion  of  Rebel  Tawr. 

2.  Masses  of  granitoid  rocks,  porphyries,  and  greenstone  breccias, 
in  the  neighbourhood  of  Pwllheli. 

8.  The  porphyries  and  granitoid  rocks  forming  Mynydd  Mynytho, 
and  extending  in  a  northerly  direction  towards  Nevin»  including 
also  Nevin  mountain  and  the  porphyries  and  greenstone  breccias  to 
the  north-east  of  Boduan. 

4.  The  Bhos  Hirwain  syenite  and  the  so-called  altered  Cambrian 
beds  to  the  west  of  that  mass  in  Caernarvonshire,  and  also  Bardsey 
Island. 

jjjAbrtract  of  paper  read  before  the  British  Association  for  the  AdTancemeat  of 
■^^  Dublin  (Section  C),  August  19, 1878. 
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5.  The  granitoid  rocks,  felstonefl,  and  porphyries,  forming  the 
Bivals  (yr  Eifl)  range  of  mountains. 

6.  The  so-called  altered  Cambrian  rocks  to  the  west  of  the  Peny- 
groes  porphyry. 

7.  The  so-called  intrusive  granite  in  Anglesea,  and  the  whole  of 
the  area  marked  as  altered  Cambrian  in  that  island.  In  addition  to 
these  he  has  also  extended  some  of  the  areas  and  defined  more 
clearly  the  order  of  superposition  of  these  rocks  in  Pembrokeshire. 
In  North  Wales,  as  in  South  Wales,  he  found  that  the  pre-Cambrian 
rocks  resolved  themselves  into  three  well-marked  and  very  distinct 
t3rpe8,  and  that  these  indicated  separate  formations,  each  of  which, 
on  careful  examination,  and  when  found  in  juxtaposition,  proved  to 
be  unconformable  to  the  other.  At  St.  David's  the  granitoid  rooks 
occur  at  the  base,  and,  resting  unconformably  upon  these,  are  found 
the  quarts-felsites.  These  are  again  succeeded  unconformably  by 
the  agglomerates,  breccias,  greenstone  bands,  and  schists  of  the 
Pebidian  group. 

In  North  Wales  this  was  also  exactly  the  order  in  which  the 
various  rocks  were  found  to  succeed  each  other,  but  the  middle  or 
quartz-felsite  group  was  found  more  largely  developed  in  Caernar- 
vonshire. 

As  this  middle  group  had  not  previously  been  separated  under  a 
distinguishing  name,  the  author  now  proposed  to  adopt  for  it  the 
name  Arvontan,  from  the  Boman  name  Arvonia,  and  from  which  the 
present  name  of  Caernarvon  is  derived.  So  many  of  the  large  ridges 
and  lofty  mountains  of  Caernarvonshire  are  composed  of  these  felsitio 
rocks,  that  it  appeared  to  the  author  and  his  friends  that  this  name 
would  be  very  appropriate  for  the  formation.  The  distinguishing 
characters  most  marked  in  these  three  pre-Cambrian  formations  may 
be  briefly  summed  up  as  foUows  :— 

1.  Dimetian:  Granitoid  gneiss  and  quartzose  rocks. 

2.  Arvontan:  Quartz,  felsites,  and  porphyries  (Helleflinta  of 
Torrel ;  petro-silex  rocks,  Hunt). 

3.  Pebidian :  Green  and  purple  agglomerates  and  breccias,  green 
ohloritic  schists,  with  massive  greenstone  bands,  talcose  schists,  etc 

In  these  formations  the  bedding  is  usually  easily  recognized,  but 
at  present  the  actual  stratigraphical  thickness  cannot  be  correctly 
estimated.  It  is  perfectly  clear,  however,  from  the  sections  ex- 
posed, that  each  must  have  a  vertical  thickness  of  many  thousand 
feet  That  they  have  a  very  extended  geological  distribution  over 
the  British  Islands  is  also  daily  becoming  more  and  more  evident 

lY. — On  the  Supposed  Badiolabianr  and  DiATOMAOEiB   of  the 
Coal-Meastjbes.'    By  Professor  W.  C.  Williamson,  F.B.S. 

THE  author  called  attention  to  the  Traquaria  of  Mr.  Carruthers, 
found  in  the  Lower  Coal-measures  of  Lancashire  and  Yorkshire, 
which  small  spherical  objects  that  observer  believed  to  be  Badio- 
larians  like  those  still  living  in  existing  seas.    The  author  showed 

^  Bead  at  a  Meeting  of  the  Britith  Association,  Dublin  (before  Section  D, 
Bioloot),  August  19,  1878. 
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that  tlie  radiating  projections  with  whioh  these  spheres  are  snr- 
ronnded  were  not  siliceous  spines  like  those  of  the  Badiolarias,  hot 
extensions  of  a  continuous  membrane  which  incloeed  the  entire 
organism,  and  which,  therefore,  could  not  have  the  spicalar  nature 
attributed  to  them.  He  then  demonstrated  that  within  this  external 
membrane  is  a  second  inner  one,  which  latter  is  fitted  with 
numerous  small  vegetable  cells  like  those  shown  to  exist  in  the 
interior  of  fossil  spores  and  reproductive  cryptogamous  capsoks, 
found  in  the  same  beds  as  those  which  furnish  the  Traqvarim, 
These  conditions  are  so  different  from  those  existing  in  any  known 
recent  species  of  Badiolarian  as  to  lead  Professor  Williamson  to 
reject  the  idea  of  their  Badiolarian  character.  Their  close  organic 
resemblance  to  some  obviously  vegetable  conceptades  found  in  the 
same  (Toal-measures  suggest  that  the  Traqaarim  are  also  vegetable 
structures.  The  Mountain  Limestone  deposits  of  some  British 
localities  contain  a  vast  multitude  of  minute  calcareous  organisms, 
which  Mr.  J.  W.  Sollas  and  other  observers  regarded  as  Badiolarians. 
These  structures,  however,  seem  to  exhibit  no  satisfactory  evidence 
of  being  sa  In  the  first  place,  these  organisms  are  calcareous 
instead  of  siliceous.  It  has  been  suggested  that  their  siliceous 
el<ements  were  removed  and  replaced  by  carbonate  of  lime,  but  this 
appears  to  be  most  improbable.  Professor  Roscoe  and  Professor 
Schorlemmer  agree  in  stating  that  they  would  require  overwhelming 
evidence  before  they  would  be  prepared  to  accept  such  an  explana- 
tion of  the  present  condition  of  these  objects,  or  of  the  fact  of  the 
substitution  of  carbonate  of  lime  for  silica,  which  such  an  explanation 
renders  necessary.  Count  Castracane  has  published  *  an  account  of 
a  process  by  which  he  reduced  numerous  specimens  of  Coals  to  very 
minute  quantities  of  Coal-ash,  and  has  stated  that  he  found  in  these 
ashes  numerous  marine  and  freshwater  Diatomaceas.  Professor 
Boscoe  kindly  allowed  one  of  his  ablest  assistants  in  his  laboratory 
at  Owens*  College  to  prepare  analyses  of  a  number  of  Coals  ac- 
cording to  Count  Castracane's  method.  Tlie  residual  ashes  of  these 
preparations  have  been  tested  microscopically  by  Professor  William- 
son, and  in  no  one  of  them  can  a  trace  of  a  Diatom  be  found. 
Beyond  stating  the  fact,  he  is  wholly  unable  to  account  for  the 
discrepancy  between  his  results  and  those  of  the  Italian  observer. 
80  far  as  his  present  observations  go,  he  finds  himself  compelled  to 
conclude  that  we  have  no  proof  of  the  existence  of  Badiolarians  or 
of  DiatomacesB  in  the  British  Carboniferous  rocks. 


V. — Undkbground  Waters.*    Fourth  Beport  of  the  Committee 
ON   Underground  Waters   in   those  Districts  in   England 

WHERE   they   are   NOT   AT   PRESENT   USED.      By   C.  E.  De  BaNCI, 

F.G.8.,  Assoc.  Inst.  C.E. 

THE   author  referred   to   the   great  value  of  the  maps   of  the 
Government  Geological  Survey  as  a  basis  for  the  investigation 

1  See  Geol.  Mao.  1875,  Decade  II.  Vol.  II.  p.  414. 

*  Read  before  the  British  Association  for  the  AdTancement  of  Scieace,  Bablin, 

"•  August,  1878  (Section  C). 
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in  question  of  the  water  supply.  He  stated  that  the  area  oocupied 
by  permeable  formations  capable  of  yielding  water  in  wells  sunk  in 
suitable  situations  was  no  less  than  26,687  square  miles,  which, 
receiving  a  rainfall  averaging  30  inches  a  year,  would  yield  up  to 
wells  not  less  than  6  to  15  inches,  or  a  daily  quantity  of  not  less 
than  200,000  gallons  for  each  square  mile  of  surface,  or  a  total 
quantity  far  in  excess  of  that  required  by  the  population  of  England 
and  Wales.  The  great  value  of  these  supplies  for  the  towns  and 
districts  of*  the  Midland  districts  was  insisted  on  by  reason  of  their 
purity,  and  from  the  absence  of  strong  Parliamentary  opposition, 
which  is  encountered  in  all  large  gravitation  schemes,  whether  the 
water  be  proposed  to  be  taken  from  natural  lakes,  as  in  the  scheme 
for  Manchester,  or  from  artificial  reservoirs,  as  in  the  proposal  for 
Liverpool.  The  well-boring  at  Bootle,  near  Liverpool,  completed 
for  the  Liverpool  Corporation  by  Messrs.  Mather  and  Piatt,  was 
described  as  of  great  interest,  \hQ  boring  having  reached  a  depth  of 
1.000  feet  without  reaching  the  base  of  the  New  Red  Sandstone.  The 
Committee  expressed  a  hope  that  this  boring  may  be  continued,  as  it 
will  settle  several  questions,  not  merely  of  local  interest,  but  of 
national  importance. 

VI. — On  the  Rocks  of  ITlstbb  as  a  Soukob  of  Water  Supply.* 
By  W.  Traill,  M.A.I.,  F.R.Q.S.L,  of  the  Geological  Survey  of 
Ireland. 

THE  author  first  contrasted  the  backward  state  of  the  study  of 
hydro-geology  in  Ireland  vrith  its  advanced  progress  in  England. 
The  necessity  for  better  water  supplies  had  been  recognized  by  the 
larger  towns,  which  had  accordingly  been  supplied,  but  too  many  of 
those,  with  populations  of  5,000  to  1,500  inhabitants,  were  still 
supplied  only  by  shallow  surface  wells,  a  source  universally  con- 
demned as  scarcely  possible  to  be  free  from  sewerage  pollution,  the 
fruitful  parent  of  disease.  The  two  great  systems  of  water  supply 
were  contrasted,  that  by  catchment  basins  with  large  reservoirs, 
and  that  by  deep  wells  or  borings,  the  latter  where  practicable  being 
undoubtedly  considered  the  best.  The  rocks  of  Ulster  were  then 
reviewed  with  regard  to  their  suitability  as  sources  of  water  supply. 
The  Lower  Silurian  rocks  of  Down,  Louth,  Armagh,  and  Monaghan 
did  not  possess  the  essential  qualities  necessary  for  success ;  neither 
did  the  granitic  tracts  of  Moume,  Newry,  or  Rathfriland,  nor  the 
metamorphic  rocks  of  Donegal  and  part  of  Londonderry,  nor  the 
districts  of  the  Carboniferous  Limestone.  The  New  Red  Sandstone 
formation,  one  of  the  great  sources  of  water  supply  in  England,  wcis 
shown  to  occupy  in  Ulster  a  very  limited  surface  area,  in  some 
districts  yielding  water  by  boring,  and  likely  to  prove  productive 
in  other  places  also,  but  requiring  special  selection  of  sites  for 
operations.  The  Chalk  and  Hibernian  Greensand  formations  were 
shown  to  be  the  great  water-bearing  rocks  of  Ulster,  as  evidenced 
by  the  large  number  of  perennial  springs  along  their  outcrop.  The 
geological  basin  of  the  Cainozoic  in  the  counties  of  Antrim  and 
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Lomlondtfrrr  was  clearly  demonstratiTe  from  the  heights  of  tlia 
outcrop  of  the  Chalky  ap  to  eleTations  of  a  thonsiuid  feet;  and  iti 
occttrrvntfe  in^iie  the  basin,  at  Templepatrick  and  other  pkoeB» 
wii»  pavf  oi  its  continaity  below  the  basaltic  plateau  at  a  low 
1«T«L  The  water,  being  held  onder  hTdrostatic  pressure  in  tiie 
Crvctweous  beib  underiying  impenrioua  days  of  the  Lias  or  Eeuper 
itiarl::^  Ki|Qin>d  only  ro  be  tapped  by  boring  through  the  overlying 
siie^c  or  btti»Ic  to  yield  a  practically  inexhaustible  supply  of  pore 
and  wboleeome  w;icer.  The  districts  most  favouzably  situated  kft 
thus  yielding  water  supplies  by  boring  were  near  Ballymena,  Bally- 
money.  Coleiaine.  Antrim,  etc.  The  author  stated  that  for  most 
looilities  the  rei^nisite  depth  to  meet  the  Chalk  oould  be  readily 
calculated.  He  al$o  enumerated  the  other  water-bearing  strata 
existing  in  the  same  sections,  as  at  the  lithomarge  bed  of  the  Iron- 
ore  measures.,  and  at  the  lower  lithomarge  bed,  and  also  at  the 
surface  of  the  basalt  if  under  a  considerable  hetfid  of  drift.  Tbo 
author  strongly  adTocated  the  adoption  of  boring  for  water  supplies 
for  certain  districts  in  Ulster,  as  that  system  had  been  so  advanta- 
geously adopted  in  England. 

Til. — ^Thk  Pbogbxss  op  thk  Geological  Subtst  of  Irklakd.^ 
By  Professor  E.  Hnx.  M  JL,  F.R.S.,  Director  of  the  Geological 
Survey. 

FOFESSOR  HULL  gave  a  short  account  of  the  progress  of  the 
Geological  Survey  of  Ireland  from  its  commencement  in  1832, 
under  the  late  Genend  Portlock.  R.E.,  down  to  the  present  daj. 
stating  that  the  whole  country  south  of  a  line  drawn  roughly  from 
Lame  on  the  coast  of  Antrim  to  Sligo  had  been  surveyed,  while  100 
Sheets  of  the  Geolojrii'al  Map,  on  a  scale  of  one  inch  to  the  statute 
mile,  had  been  publisheil.  Along  with  these  had  also  been  issued 
78  separate  Explanatory  Memoirs  describing  the  structure  and 
palaeontology  of  12G  Sheets.  It  had  been  found  necessary  to  revise 
the  geology  of  the  Leinster  and  Tipperary  Coal-fields,  the  Carboni- 
ferous trap  rock  of  the  County  Limerick,  and  the  South -East  portion 
of  the  countrv,  including  pans  of  Wicklow  and  Wexford.  The  Coal- 
fields of  the  \orth  of  Ireland  had  also  been  surveyed  and  published 
in  maps  both  on  the  6-inch  and  1-inch  scales ;  and  it  was  also 
intended  that  the  districts  of  the  County  Antrim  containing  pyrolitic 
iron-ores  should  be  illustrateil  by  maps  on  both  scales,  llie  district 
still  remaining  to  be  examined  included  the  greater  portions  of 
Donegal,  Tyrone,  Feimanagh,  Sligo,  and  Antrim.  Professor  Hull 
entered  into  a  brief  description  of  the  geology  of  the  various  parts  of 
Ireland. 

Till. — Ox     'HULLITE,'     A    BrrHEBTO     rilDKSCRIBED     MlNERAL.^      By 

E.  T.  Habdmah,  F.CS. 

THE  author  stated  tliat  this  mineral  occurs  in  abundance  at  Cam- 
money  Hill,  near  Belfast,  in  the  basalt  forming  the  neck  of  a 
Miocene  volcano.    It  has  never  been  described  before  or  analyzed, 
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and  baa  been  referred  to  in  tbe  Sarvej  maps  and  labelled  in  tbe 
Survey  ooUections  as  obsidian,  doubtless  from  its  black  oolonr  and 
waxy  lustre.  In  physical  character  it  somewhat  agrees  with  the 
Chlorophaaite  of  Maculloch,  but  is  entirely  different  in  oompoAition^ 
which  more  resembles  that  of  Delessite.  From  this,  however,  it 
differs  essentially  in  colour,  hardness,  streak,  and  specific  gravity^ 
but  it  appears  on  the  whole  to  belong  to  the  ferruginous  chlorite 
group.  Physical  characters — Colour,  velvet  black;  hardness,  2^ 
brittle ;  lustre,  waxy  to  dull ;  very  slightly  affected  by  acids ;  occnra 
at  Gammoney  and  Shane*8  Castle,  near  Lough  Neagh.  The  chemical 
composition  of  the  mineral  was  given,  and  compared  with  those  of 
Delessite  and  Chlorophasite.  Its  most  remarkable  characteristics  are 
its  low  specific  gravity  and  its  resistance  to  the  blow-pipe — both 
curious  points,  coDsidering  the  large  quantity  of  iron  it  contains. 
The  author  proposed  to  cedl  the  mineral  HuUite,  after  Professor. 
Hull,  in  commemoration  of  the  valuable  work  he  has  done  in  eluci- 
dating the  microscopic  mineralogy  of  the  basalts  of  Ireland.  Pro- 
fessor Hull  has  examined  the  microscopic  structure  of  the  mineral, 
and  of  the  rock  in  which  it  occurs,  a*nd  has  described  the  appearance 
presented  by  the  mineral.  Under  the  microscope  it  is  of  an  amber 
brown  colour,  nearly  opaque.  It  permeates  the  whole  rock,  fiJUling 
the  interstices,  and  inclosing  the  other  minerals.  It  appears  very 
much  to  assume  the  character  of  chlorite,  and  is  undoubtedly  a  distinct 
mineral,  and  not  a  product  of  alteration. 


IX. — On  the  Age  op  the  Crystalline  Rooks  op  Donegal.*    By 
Professor  W.  King,  D.  Sc. 

THE  author  said  that  the  Crystalline  Bocks  of  Donegal  had  been 
carefully  studied,  both  in  their  petrological  and  geographical 
features,  by  Hampton,  Scott,  Harte,  Griffith,  Jukos,  Blake,  Harkness, 
and  others ;  but  among  them  some  authors  had  succeeded  in  de- 
termining their  geological  age  by  means  of  fossils.  It  was  true  that 
the  limestones  in  the  lunis  lower  barony,  in  the  northern  part  of 
the  county,  contained  bodies  which  had  been  suspected  to  be  the 
remains  of  corals,  but  it  was  to  be  regretted  that  none  of  these 
bodies,  so  far  as  is  known,  possessed  sufficient  evidence  to  enable 
palasontologists  to  offer  a  decided  opinion  as  to  their  nature.  Having 
been  lately  in  Donegal,  besides  examining  their  mineral  and 
structural  character,  he  embraced  the  opportunity  of  endeavouring 
to  find  if  any  of  the  rocks  occurring  in  this  county,  especially  the 
Innis  Lower  Limestones,  contained  fossils.  In  the  south  coast 
division  of  Donegal,  between  Lough  Foyle  and  Lough  S willy,  where 
the  least  altered  rocks  prevailed,  some  of  the  limestones  had  ap- 
parently undergone  so  little  alteration  that  it  might  be  expected 
that  they  would  retain  the  remains  of  any  organisms  originally 
inclosed  in  them.  The  bodies  taken  for  fossils  and  corals  consisted 
generally  of  white  calcite,  and  thoy  were  occasionally  found  of  a 
cylindrical  shape,  with  what  appeared  to  be  internal  radiating  plates 
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Notwithstanding  that  the  contrary  had  been  expressed,  he  oonld  nof 
but  strongly  suspect  that  they  were  actually  the  remains  of  large 
corals.  He  had,  however,  succeeded  in  obtaining  some  tme  fosals 
from  portions  of  the  Innis  Lower  Limestone,  that  had  scaroelj 
undergone  any  change.  He  had  not  had  time  to  examine  them  u 
closely  as  he  would  have  wished,  but  they  appeared  to  be  Candoo 
Bryozoa  from  the  schists  of  Donegal.  This  was  the  first  examj^ 
as  far  as  he  could  ascertain,  of  an  undoubted  fossil  having  beea 
detected  in  these  limestones.  The  fact  may  be  taken  as  evidence 
that  these  deposits  and  their  argillaceous  and  silioeoas  masses  are 
of  Lower  Silurian  age,  and  it  seems  highly  probable  that  the  more 
intensely  metamorphosed  rocks  in  the  north-west  division  of 
Donegal  belong  to  the  same  geological  period. 

X. — ^The  Obigik  and  Succession  of  the  Cbybtallink  Bocks.^    By 
Prof.  T.  Sterky  Hunt,  LL.D.,  F.E.S. 

AS  a  preliminary  to  a  statement  of  the  results  of  many  years  of 
study  of  the  crystalline  rocks  in  North  America,  the  author 
proceeded  to  consider  the  question  of  their  origin,  which  is  still  a 
subject  of  debate  between  Plutonists  and  Neptunists.      The  crys- 
talline silicate  rooks  naturally  divide  themselves  into  three  groups — 
namely,  those   indigenous   stratified  formations  which    have  beat 
called  primitive,  or  primary;   those  masses  to  which,   from  their 
Isolations  to  contiguous  rocks,  geologists  assign  an  exotic  origin,  and, 
in  accordance  with  a  generally  accepted  theory,  have  agreed  to  call 
igneous  or  plutonic ;   and  a  third  and  distinct  group  of  rock-masses 
which,  though  like  the  last,  clearly  posterior  to  those  encasing  them, 
are  now,  by  most  geologists,  admitted  to  be  of  aqueous  origin.     This 
third  group  includes  metalliferous  lodes,  and  various  other  crystalline 
veinstones,  and  is  conveniently  designated  endogenous.     It  is  not 
always  e«isy  to  distinguish  between  the  rocks  of  these  three  groups; 
there  are  not  wanting  those  who  have  assigned  an  igneous  origin  to 
metalliferous  lodes,  and  many  still  confoimd  endogenous  granitic 
veins  with  the  mineralogically  similar  plutonic  granites.     In  like 
manner,  the  distinction  between  the  latter  and  the  stratified  granitoid 
gneisses  is  frequently  not  very  apparent.     That  the  movement  of 
flow  in   extravasated   plutonic  rocks  may  give  to  the   constituent 
minerals  a  stratiform  arrangement,  is  a  fact  of  which  both  exotic 
granites  and  doleritic  dykes  and  masses  afford  illustrations.     More- 
over, the  arrangement  due  to  successive  depositions  upon  the  walls 
of  a  fissure  may  give  to  an  endogenous  mass  a  structure  which 
simulates  that   of  a   sedimentary  rock,  and  imparting  to   granitic 
veinstones  a  resemblance  to  gneiss ;    while  a  laminated  structure 
sometimes  results  from  the  arrangement  of  the  crystals  developed  in 
a  cooling  mass.     Hence  there  are  not  wanting  those  who  include 
under  the  head  of  plutonic  rocks  not  only  the  clearly  marked  exotic 
granites,  dolerites  and  diorites,  but  the  granitoid  gneisses,  the  massive 
bedded  greenstones,  and  likewise  the  more  schistose  rocks  with  which 
these  gneisses  and  greenstones  are  often  so  intimately  associate<l  that 
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it  is  difficult  to  separate  tbem.  According  to  those  wbo  hold  this 
plutonio  view  the  crystalline  rocks  represent  the  igneous  crust  of 
the  globe,  and  their  frequent  stratiform  structure  is  due  to  agencies 
in  great  part  anterior  to  the  production  of  sedimentary  rocks.  In 
opposition  to  this  view  is  that  of  the  Neptunist,  who,  starting  from 
the  fact  that  the  elements  of  an  aqueous  sediment  may  through  the 
action  of  chemical  and  ciystallogenic  forces,  pass  into  new  combina- 
tions and  acquire  a  new  structure,  argues  not  only  that  all  indigenous 
crystalline  rocks  have  had  an  aqueous  origin,  but  that  the  exotic 
masses  themselves  represent  the  last  stages  in  this  process  of  altera- 
tion or  metamorphosis  of  sedimentary  beds. 

Further  inquiry  into  the  chemical  and  lithological  composition  of 
the  crystalline  rocks,  however,  brings  to  light  difficulties  in  the  way 
of  both  of  these  hypotheses.  To  begin  with  the  Plutonist  view, 
volcanic  rocks,  both  ancient  and  modem,  are  more  or  less  nearly 
related  in  composition  to  the  gneisses  and  the  stratified  greenstones, 
but  we  seek  in  vain  among  undoubted  volcanic  or  igneous  rocks  for 
the  chemical  representatives  of  the  masses  of  serpentine,  olivine, 
steatite,  chlorite,  quartzite,  magnetite,  oligist,  and  limestone,  which 
appear  in  the  primary  formations,  and  have,  all  of  them,  by  geologists 
of  the  school  in  question,  been  regarded  as  of  igneous  or  plutonio 
origin.  To  account  for  the  presence  of  such  rocks  among  the  more 
or  less  felspathic  aggregates — chiefly  gneisses  and  greenstones, 
which  make  up  the  greater  portion  of  the  crystalline  formations — 
three  hypotheses  have  been  imagined  by  Plutonists.  According  to 
the  first  of  these,  the  earth's  interior  is  a  reservoir,  from  which  at 
times  have  been  ejected  not  only  basic  and  acidic  felspathic  rocks, 
but  molten  masses  of  olivine,  iron-oxide,  quartz,  and  limestone. 
Other  geologists  of  this  school  have  sought  to  account  for  the  presence 
of  some  of  these  exceptional  rocks  by  a  process  of  so-called  segrega- 
tion, which  would  assimilate  them  to  endogenous  masses.  The 
chemical  and  geognostical  difficulties  in  the  way  of  both  of  these 
hypotheses  have,  however,  led  to  their  general  rejection  for  the 
third,  which  supposes  these  rocks  to  have  been  formed  by  a  subse- 
quent local  alteration  of  portions  of  the  ordinary  plutonio  rocks. 
From  acknowledged  cases  of  alteration  or  replacement  in  mineral 
species,  which  result  in  pseudomorphs^  and  from  the  more  frequent 
cases  of  envelopment  and  isomorphism  which  have  been  taken  for 
examples  of  pseudomorphism,  it  was  argued  that  many  species  are 
capable  of  being  changed  into  others  by  the  loss  or  addition  of  certain 
elements,  so  that  the  resulting  body  often  contains  no  portion  of  its 
original  constituents.  Extending  this  view  from  single  crystals  to 
Tock  masses,  it  was  maintained  that  different  portions  of  an  igneous 
or  plutonio  formation,  whether  basic  or  acidic,  might  be  transformed 
into  serpentine,  chlorite,  or  limestone.  Those  changes  were  supposed 
to  depend  on  the  action  of  water,  which,  aided  by  heat,  was  regarded 
as  the  efficient  agent  in  the  local  alterations  of  plutonio  rocks.  At  the 
same  time,  the  adjticent  sedimentary  strata  were  supposed  to  share 
in  these  changes,  thus  giving  rise  to  what  have  been  called  contact 
formations.     In  their  latest  form  these  doctrines  have  been  well  set 
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forth  by  Yon  Lasaulz  and  by  Enop.  This  third  hypotheBiB  then 
proposes  to  aooount  for  the  presence  of  various  exceptional  Tsrietiet 
of  rock  among  ordinary  plutonic  formations,  by  soppoaing  that 
limited  portions  of  these  have  at  different  times  been  the  subject  of 
very  unlike  chemical  processes,  resulting  in  their  complete  change 
into  new  forms  of  rock  by  what  has  been  called  pseudomorphio  alter- 
ation, or  metamorphosis.  As,  however,  such  a  conversion  involve! 
a  change  not  only  of  form,  but  of  substance,  it  has  been  more  pro* 
perly  designated  a  metasoraatosis. 

We  have  next  to  consider  the  Neptunean  views  as  ordinarily  ex- 
pounded.  This,  while  it  accounts  by  sedimentation  for  the  stratifonii 
arrangement  of  the  crystalline  rocks,  and  explains  the  existence 
therein  of  beds  of  iron  ores  and  limestones,  still  presents  many  of 
the  difficulties  which  are  encountered  in  the  Piutonist  view.  If,  as 
most  Neptunists  maintain,  the  great  crystalline  series  have  beeo 
derived  from  the  alteration  of  uncrystalline  ones,  which  were  not 
only  similar  to  those  of  Palaaozoic  and  more  recent  times,  bat  are,  in 
fact,,  portions  of  those  which  in  adjacent  regions  are  still  known  to 
ns  in  their  original  unchanged  condition,  how  are  we  to  explain  the 
genesis  of  the  felspathic  and  homblendio  rocks  which  predominate  in 
these  crystalline  formations  ?  The  sandstones  and  shales  from  which 
in  this  view  they  are  supposed  to  be  formed  could  never  by  them- 
selves give  rise  to  the  rocks  in  question,  since  they  are  deficient  in 
the  alkalies,  and  to  a  greater  or  less  extent  in  the  other  bases 
required  for  the  production  of  the  constituent  silicates.  To  explain 
their  origin,  therefore,  it  becomes  necessary  to  admit  the  intro* 
duction  of  these  various  bases  from  without,  and  to  suppose  a  series 
of  metasomatic  processes  more  wonderful  than  those  imagined  by 
the  Piutonist.  The  latter,  by  his  hypothesis,  has  already  at  hand 
felspathic  and  homblendio  rocks,  which  are  to  be  the  subject  of 
metasomatosis,  while  the  Neptunist  has  only  the  products  of  their 
decay.  In  either  hypothesis,  we  have  to  account  for  the  presence  in 
the  primary  formations  of  beds  and  interstratified  masses  of  a  great 
number  of  exceptional  silicated  rocks,  very  distinct  in  composition 
from  any  mechanically -formed  sediments,  including  not  only  silicates 
like  serpentine,  olivine,  steatite,  chlorite,  pinite,  garnet,  epidote, 
and  hornblende,  but  of  pure  orthoclase,  as  well  as  of  triclinic 
fplspar.  Each  of  these  species  would  require  for  its  production 
from  any  ordinary  igneous  or  aqueous  rock  a  separate  and  inde- 
pendent metasomatic  process,  involving  the  addition  of  certain 
elements,  and  the  abstraction  of  others,  until  the  whole  hetero- 
geneous crystalline  series  was  complete.  The  author  illustrated 
these  views  by  examples  from  recent  writers,  and  concluded  that 
the  hypothesis  of  metasomatosis,  as  maintained  both  by  Plutonists 
and  Neptunists,  supposes  the  operation  in  solid  rocks  of  processes 
of  circulation,  absorption,  elimination,  selection,  and  aggregation 
scarcely  to  be  equalled  in  the  economy  of  highly-organized  beings, 
and  not  easily  imagined  in  the  masses  of  the  mineral  kingdom. 
Certain  geologists  supjx)se  the  existence  of  two  classes  of  crystalline 
tratified  rocks,  the  one  Neptunean,  and  consisting  of  altered  portions 
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of  PalsBOzoio  or  more  recent  sediments ;  and  the  other — more  ancient 
— which  may  be  either  Neptunean  or  Plutonic  in  origin.  The  history 
of  geology  gives  many  examples  of  crystalline  formations  which 
have  been  in  torn  assigned  to  varions  geological  horizons,  from  the 
Oainozoic  to  the  base  of  the  PalseozoiCy  bnt  have  since  been  found  to 
belong  to  a  pre-Palaaozoic  period.  In  the  opinion  of  the  author,  we 
have  no  good  and  sufficient  reason  for  believing  in  the  present 
existence  of  any  uncrystalline  representative  of  these  crystalline 
formations,  or  of  any  such  formation  which  is  not  preoSilurian,  if 
not  pre-Cambrian,  in  age.  There  are,  however,  many  examples  of 
local  alterations  of  later  sediments  by  hydro-thermal  action,  which 
has  developed  in  these  many  crystalline  minerals  identical  with 
those  found  in  the  more  ancient  rocks. 

The  advocates  of  the  Neptunean  hypothesis  have,  for  the  most  part, 
sought  for  the  origin  of  the  crystalline  rocks  in  sediments  of  a  later 
date,  of  which  the  uncrystalline  representatives  are  still  to  be  found. 
There  are,  however,  reasons  for  believing  that  in  Eozoic,  or  pre- 
Cambrian  times,  there  prevailed  chemical  activities  dependent  upon 
greater  subterranean  temperature,  different  atmospheric  conditions, 
and  abundance  of  thermal  waters,  and  that  under  these  circumstances 
were  deposited  the  materials  for  the  crystalline  rocks.  There  have 
not  been  wanting  those  who  have  sought  in  similar  hypothetical 
conditions  for  the  origin  of  these  rooks.  De  la  Beohe,  in  1834, 
imagined  them  to  be  chemical  deposits  due  to  the  action  of  the 
heated  ocean  upon  the  earth's  primeval  crust  before  the  dawn  of  life. 
The  author's  researches  into  the  composition  and  structure  of  the 
crystalline  rocks,  conjoined  with  his  studies  of  the  chemistry  of 
natural  waters,  led  him,  in  1860,  to  reject  the  hitherto  received  view 
of  the  epigenic  or  metasomatio  origin  of  serpentine,  steatite,  chlorite, 
apd  similar  rocks,  and  to  maintain  their  derivation  from  silicates 
formed  by  chemical  processes  and  deposited  in  the  water  of  lakes  or 
seas.  This  view  he  soon  after  extended  to  the  various  other 
exceptional  rocks  found  in  crystalline  formations  which  it  was,  in 
1864,  asserted  had  been  ''formed  by  a  crystalline  molecular  re- 
arrangement of  silicates  generated  by  chemical  process  in  waters  at 
the  earth's  surface."  In  elucidation  of  this  view  the  author  referred 
to  the  insoluble  silicates  now  separated  in  the  evaporation  of  many 
natural  waters,  to  the  formation  from  the  earliest  times  to  the  present 
of  deposits  of  serpentine,  sepiolite,  glauconite,  and  of  aluminous 
silicates  allied  to  chlorite,  which  are  found  either  forming  beds  or 
filling  the  cavities  of  various  marine  organic  forms,  from  the  fora* 
minifers  of  to-day  to  the  crinoids  of  PalsBozoic  time,  and  the  Eozoon 
of  the  Laurentian.  The  formation  in  modem  times  of  crystalline 
zeolites  and  quartz  in  thermal  waters  was  also  cited  in  illustration 
of  this  view  of  the  generation  of  various  mineral  silicates  by  causes 
now  in  operation  which,  it  is  believed,  were  far  more  active  in 
Eozoic  times.  This  was  not,  as  had  been  already  suggested  by 
others,  a  process  confined  to  a  seething  primeval  ocean  before  the 
advent  of  life,  but  was  continued  through  long  ages  under  varying 
ohemical  conditions,  and  was  contemporaneous  with  the  depoaitlow 
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of  suooessive  strata  of  limestone  and  detrital  matters.  The  aigil- 
laceous  portions  of  these,  it  is  conceived,  may  have  taken  part  in  the 
reactions  with  thermal  waters.  We  have  thus,  in  the  opinion  of  the 
author,  a  retisonable  mode  of  accounting  for  the  origin  of  the  various 
rocks  of  the  crystalline  formations,  and  a  consistent  and  oomplete 
Neptunean  theory  which  does  not  involve  the  aid  of  metasomatosia. 
It  has,  since  it  was  proposed  eighteen  years  ago,  met  with  the 
approval  of  many  whose  studies  have  made  them  the  fittest  judges 
of  its  reasonableness.  Anaong  those  who  have  either  formally  given 
their  adhesion  to  it,  or  have  enunciated  similar  views,  may  be 
mentioned  the  names  of  Delesse,  Benard,  Giimbel,  Credner«  Alphonae, 
Favre,  and  Oastaldi. 

The  chemical  activities  concerned  in  the  production  of  the  various 
silicates  have  doubtless  su£fered  gradual  change  and  diminution 
through  the  successive  ages  of  Eozoic  time,  from  which  have  re- 
sulted mtneralogical  and  lithological  differences  in  the  crystallme 
terranes.  Each  of  these  includes  quartzites  and  limestones,  in 
which  latter  certain  silicates,  such  as  serpentine,  hornblende,  and 
micas,  are  occasionally  found.  It  is  in  those  aluminiferons  rodcs, 
which  are  without  lime  or  magnesia,  that  are  seen  the  essential  and 
characteristic  differences  dependent,  as  long  ago  pointed  out  by  the 
author,  upon  a  decrease  in  the  proportion  of  alkalies.  As  we  pass 
from  the  older  to  the  younger  of  the  Eozoic  terranes,  the  felspar, 
orthoclase,  and  albite  become  partially  or  wholly  replaced  by 
silicates  like  rausoovite,  damourite  and  paragonite,  and  finally  by 
andalusite,  fibrolite,  cyanite,  and  pyrophyllite.  The  author  alluded 
briefly  to  the  changes  by  which  the  ancient  aqueous  deposits  were 
transferred  into  crystalline  stratified  rocks  by  what  Gnmbel  has 
designated  as  diagenesis,  as  distinguished  from  their  supposed  origin 
by  epigenesis  or  metasomatic  change.  The  question  of  the  relatiou 
of  the  indigenous  rocks  to  the  endogenous  and  exotic  masses  in- 
cluded in  them  was  noticed,  the  author  alluding  to  the  hypothesis 
which  he  has  elsewhere  maintained  that  the  source  of  all  exotic  or 
eruptive  rocks  is  to  be  found  in  the  displacement  or  extravasation 
of  ancient  deposits  of  Keptunean  origin. 

Coming  to  the  second  division  of  his  subject,  the  author  asserted 
that  the  study  of  the  crysttdline  rocks  of  North  America  shows  the 
existence  of  several  distinct  groups  or  teiranes.  The  Laurentiim,  which 
is  the  most  ancient,  includes  in  its  lower  part  a  mass  of  unknown 
thickness  of  granitoid  gneiss,  often  homblendic  (Ottowa  gneiss), 
succeeded,  perhaps  unconforniably,  by  what  has  been  called  the  Gren- 
ville  series,  consisting  of  similar  gneisses  and  homblendic  rocks,  with 
intercalated  quartzites  and  iron  ores.  These  two  divisions  make  up 
together  the  Lower  Laurentian  of  Logan,  of  which  the  thickness  in 
Canada  may  greatly  exceed  20,000  feet.  ITie  Norian,  which  is  the 
Upper  Laurentian,  or  Labi-adorian  of  Logan,  rests  unconformably 
upon  the  Laurentian,  and  is  remarkable  for  a  great  development  of 
rocks  composed  chiefly  of  Labradorite,  or  related  plagioclase  fel- 
spars, which  have  been  called  Labradorite-rock,  or  Norite.  The 
iterstratified  gneisses,  quartzites,  and  limestones  of  the  Norian  are 
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not  unlike  those  of  the  Lanrentian.  This  series,  which  abounds  in 
great  beds  of  titanic  iron-ore,  has  a  volume  which  may  exceed  the 
thickness  of  10,000  feet  assigned  to  it  by  Logan.  The  Laurentian  is 
in  many  parts  overlaid  by  the  Huronian  series,  which  is  charao-> 
terized  by  a  great  development  of  greenstones,  generally  hom- 
blendic,  with  epidote,  chlorite,  steatite,  serpentine,  and  soft  hydrous 
mica-schists,  often  called  talcoee,  besides  argillites,  quartzites,  and 
limestones,  generally,  magnesian.  It  abounds  in  metalliferous 
deposits,  including  magnetic  and  specular  iron-ores,  chrome,  and 
sulphurets  of  copper,  iron  and  nickel,  and  has  assigned  to  it  .in 
di£Eerent  regions  a  thickness  of  from  ten  to  twenty  thousand  feet 

In  many  parts  of  North  America  there  exists  a  great  development 
of  rocks  characterized  by  the  predominance  of  orthofelsite,  or  petro- 
silex,  often  becoming  a  quartziferous  porphyry.  This,  which  is 
apparently  the  helleflinta  of  Sweden,  was  regarded  as  eruptive  until 
in  1869  the  author  showed  it  to  be  a  stratified  series  with  some 
associated  quartzites  and  schists,  and  then  included  in  the  lower  part 
of  the  Huronian.  Hitchcock,  who  has  since  studied  these  rocks  in 
New  Hampshire,  has  called  them  Lower  Huronian.  From  their 
absence  in  many  localities  at  the  base  of  the  typical  Huronian,  it  is 
conjectured  that  they  may  belong  to  a  more  ancient  and  distinct 
series.  The  Montalban,  or  White  Mountain  series,  is  characterized 
by  micaceous  gneisses,  generally  called  granites,  which  pass  into 
quartzose  and  felspathic  mica- schists,  often  abounding  in  garnets, 
staurolite,  fibrolite  and  cyanite.  Great  masses  of  daik  green  gneiss- 
oid  homblendic  rock,  very  distinct  from  the  Huronian  greenstones, 
abound  in  the  Montalban,  which  also  includes  beds  of  a  very 
peculiar  olivine-rock,  beside  quartzites  and  crystalline  limestones. 
This  series  abounds  in  endogenous  granitic  veins,  containing  muscovite, 
beryl,  tourmaline,  apatite,  and  oxide  of  tin.  It  probably  equals  the 
Huronian  in  thickness,  and  is  supposed  to  overlie  it.  The  Taconian 
series  includes  a  great  volume  of  characteristic  mica-schists,  often 
quartzose,  but  seldom  distinctly  felspathic,  and  frequently  con- 
sisting in  large  part  of  damonite,  or  of  pyrophyllite.  Some  of  these, 
like  the  schists  of  the  Montalban,  include  garnet  and  chiastolite. 
They  are  associated  with  quartzites,  and  with  dolomites  and  lime- 
stones, all  of  which  are  also  frequently  micaceous.  Associated  with 
these  are  found  serpentines  and  granular  homblendic  rocks  of  a 
peculiar  type,  very  unlike  those  of  the  preceding  groups  and  much 
less  crystalline.  The  quartzites  are  in  large  part  detrital  rocks. 
This  series,  which  yields  the  statuary  marbles  of  North  America, 
has  a  thickness  of  about  5,000  feet,  and  is  the  Lower  Taconic  of 
Emmons.  It  is  found  reposing  alike  on  the  Laurentian,  Huronian, 
and  Montalban,  and  is  overlaid,  in  apparent  unconformity,  by  the 
Upper  Taconic,  which  is  identical  with  the  Quebec  group  of  Logan. 
This,  which  consists  of  many  thousand  feet  of  sandstones  and 
argillites,  with  some  limestones,  includes  among  its  strata  organic 
forms  belonging  to  various  divisions  of  the  Cambrian  up  to  the 
Arenig.  The  Taconian,  although  containing  an  undesoribed  unguloid 
shell,  and  a  so-called  8coliihu$,  is,  by  the  author,  considered  pro- 
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■<  n:i*>  li?  i>r»c:5  fni'iu  the  CaniV-rian.  It  has  yielded  in  Ontario. 
:r*i*.e»  S.-*i '■»**.  ti'*^  E'.zooii  C'lnadKUi^,  and  may.  perhaps,  l»e 
•-c»-"'i».-i  **  — *  connecnug  link  bkrtwetrn  the  Eozoic  and  Palieozoic 
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'-^rf  "TTC^r  T4C»:nio.  or  so-c;\IIeJ  Q»iel>eo  group,  in  Eastern  Xorrh 
^n'-rctk  "ji  5«r*ir.i:ed  by  a  striiigrapLieal  break  from  the  succeedin.ir 
a    ;f  mh*   Cambrian,    the   Bala   group    (Trenton,   Utica,  aiid 
^e  .  while,  on  the  conrrar}-.  the  supposed  diefcordance  in  the 
■^c»•c*;■^2  cienTioned  at  tiie  summit  ot  the  latter,  corresponding;  to 
-je   LT'^i'.'a  between  Cambrian  au»l  Silurian  in  Wales,  appears  to 
j^i' J    been    basetl    on   a   misonception.      There    is.    however,  an 
\i;:.cr-as:  paIa?i.»ntol'.pc:il  break  at  this  horizon  connected  with  u 
irri:  .:'e'j05it  of  l^arren  deiriral  rx'ks,  which  marked  the  clt>se  of  ili'? 
Ci '  ~nin  peril k1.  and  the  aiith-^r  records  his  opinion  that  the  name 
r  Lower  Silurian,  as  well  iis  that  of  Siluro-Cambrian.  which  Le. 
wi:Ii  -chers.  has  a[  plied  10  the  Biila or  up|ier  division  of  the  Cambrian. 
•J*  w  cw  rejected  as  being  historically  incorrect,  and   as  tendinis  to 
veryecuate  false  views  of  the  palaeimtological  relations  between  ibc-se 
itid  the  succeeiling  rocks.     The  early  advocates  in  North  America  of 
:I:e  notion  of  the  metamorj^hism  of  Palaeozoic  rocks  taught,  in  the 
•ir^t  place,  the  stratigraphical  etpiivalence  of  the  Taconic.  or  L.  nnd 
M.  Cambrian,  with  the  U.  Cambrian,  and  further  maintained  that 
these  rocks  had  suffered  various  degrees  and  kinds  of   metamur- 
pliism.  as  the  result  of  which  they  had  assumed,  in  different  areas, 
she  characters  of  the  TrtCi-uian.  M'MitalUm.  Huronian.  and   Lauren- 
turn  :   the  lithological  differences  tietwet^n  these  several  series  bt-in:; 
reganled  as  marks^  of  the  greater  or  less  alteration  which  it  was  sup- 
posed these  uncrjstaliine  Ciimbrian  sediments  had  undergone.     Otht-r 
gev">logists  have  imagined  portions  of  these  s,inie  crystalline  formatious 
in  North  America  to  be  altered  .*itrata  of  Silurian.  Devonian,  aii'i 
even  of  Triassic  age.     The  great  groups  of  Eozoic  rocks  alrea-iy 
described  constitute,  however,  in  the  autlior's  oj»inion,  as  many  gre;it 
stratified  series,  which,  bt-fore  the  Cambrian  time,  existed  in  tlioir 
present  crystalline  condition,  and  had  l)een  su(.x,vssively  8ubjecte«l  t  j 
the  accidents  of  uplift,  contortion,  and  denudation,  so  that  the  uii-wer 
Eozoic  groups  were,  at  the  beginning  of  the  Palaeozoic  period,  di>tri- 
buted  irregularly  over  the  lioor  of  fumlamental  I^iurentian  gn«Mss. 
These  various  crystalline  groups  are  found,  with  a  singular  persistence 
and  uniformity  of  ethnological  character,  from  Alabama  to  Newfuuml- 
land,  along  the  Atlantic  belt,  and  thencH>  westward  through  Canada, 
to  the  great  lakes,  and  beyond,  in  the  vast  region  of  the  Cordilleras 
to  the  Pacific  slo^^e.     The  author  had  some  yeais  since  pointed  uut 
the  remarkable  similarity  between  the  various  crystalline  groups  of 
North  America  and  the  crystalline  nx^ks  of  the  Brititih  Islands,  and 
had  lately  been  able,  by  new  observations,  to  confirm  his  conclusions. 
Among  the  crystalline  formations  of  Don egid  he  had  indicated  re]>re- 
sentatives  of  Laurentian,  Montall>an,  and  Huronian,  and  the  latter  he 
had  recently  observed  largely  developed  in  Argyleshire  and  Perth- 
diire.^  To  the  Huronian,  also,  he  refers  the  green  schists  of  Angk-.-jca 
rnarvoushire,  in  both  of  which  regions  the  orthofelsite,  ur 
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helleflinfa  series  at  the  base  of  the  Huronian  (the  so-called  porphy- 
ries), and  likewise  the  more  ancient  gneisses,  are  well  represented. 
He  would,  however,  leave  this  subject  to  his  friend.  Dr.  Henry 
Hicks,  who  has  so  happily  mastered  the  obscure  problems  of  the  pre- 
Carabrian  geology  of  Wales.  The  studies  of  Ghwtaldi  and  others 
enable  us  to  assert  that  similar  series  of  ancient  rocks  occur  in  the 
same  order  in  the  Alps ;  and  we  infer  that  the  chemical  and  physical 
conditions  which  presided  over  the  production  of  the  crystalline 
stratified  rocks  were  world-wide. 
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Dr.  T.  Sierry  HmU,  F.i2LS.— On  the  Geological  Belaticxis  of  the 

Atmosphere. 
Prof.  HerieheL — ^Report  of  Committee  on  the  Conductivity  of  Bodu. 
Prof.    W.  King,  D.Sc^On  the  Age  of  the  Crystalline  Bocks  of 

Don^aL     (See  p.  465.) 
Pro/.  E.  D.  Cope. — On  the  Sanrians  of  the  Dakota  Cretaceous  Bocks 

of  Colorado. 
Pro/  James  Nicol,    F.B.SJE.  —  On  some  New  Fossils,   EriboOta 

Maciayi,  from  the  Quartzites  of  Loch  Eriboll  and  other  parts  of 

the  Western  Highlands  of  Scotland. 
Alphonse  Gages,  M.R.I. A. — On  the  Influence  that  Microscopic  Vege- 
table Organisms  have  on  the  Production  of  Hydrated  Iron  Ores. 
Pro/  O'Beilly,  M.B.I. A.— On  the  Correlation  of  Lines  of  Direction 

on  the  Globe,  and  particularly  on  Coast  Lines. 
Bev.  Pro/  Hatightofi,  M.I).,  F.R.S.—On  the  Earth's  Axis. 
Bev.  Mazwell  H.  Close.  F.G.S. — Concerning  the  £ztent  of  Geological 

Time.     (See  p.  450.) 
C.  E.  Be  Bance,  F.G.S.,  and  Captain  B.  A.  Fetlden,  B.A. — Geological 

Besults  of  the  late  British  Arctic  Expedition. 

B. — Titles  of  Pafebs,  Beabixg  upon  Geology,  Bead  ix  othxb 

Sections. 

Joseph  Lucas. — On  the  Hjdrogeological  Survey  of  England.     {Sec- 

lion  G.) 
Sir  Victor  BrooJce,  BarL — On  certain  Osteological  Characters  in  the 

Cervida  and  their  probable  bearings  on  the  past  Histoiy  of  the 

Group.     (Section  D.) 
W.  Morris. — On  the  Temperature  of  the  Earth  within.     (Section  A) 
Pro/  Henry  Hennessy. — On  the  Limits  of  Hypotheses  regarding  the 

Physical  Properties  of  the  Matter  of  the  Interior  of  the  Earth. 

(Section  A.) 
L  Bo6cr/».— The  Filtration  of  Salt  from  Sea  Water  into  Wells  in  the 

Trias  Sandstone.     (Section  G.) 
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I. — ^Wkbt  Yobkshire.     An  Account  of  its  Gboloot,  Physical 

GSOQBAPHT,  CUMATOLOOT,  AND  BOTANT.    Part  I.     GbOLOQT.    By 

J.  W.  Davis,  P.Q.S.  Part  II. — Physical  Geogbaphy  and 
Botanical  Topography.  By  J.  W.  Davis  and  F.  A.  Less.  8vo., 
pp.  414,  with  two  maps  and  twenty-one  plates.  (London, 
L.  Reeve  &  Co.,  1878.) 

THE  importance  of  the  county  of  Yorkshire,  the  large  area  it 
includes,  and  the  number  of  formations  therein  represented, 
have  always  rendered  it  an  attractive  field  to  the  geologist.  The 
very  mention  of  Yorkshire  calls  to  mind  the  names  of  William 
Smith,  John  Phillips,  Buckland,  Young,  and  Bird,  and  a  host  of 
others,  to  say  nothing  of  the  valuable  publications  of  the  Govern- 
ment Geological  Survey. 

The  first  Survey  Memoir  having  any  reference  whatever  to  this 
county  was  published  in  1861,  and  has  been  followed  by  a  few 
others,  mostly,  however,  treating  of  some  limited  area,  such  as  a 
ooal-field,  and  not  covering  any  large  extent  of  country.  The 
process  of  mapping  has  nevertheless  been  slowly  going  on,  and 
we  may  hope  to  be  favoured  some  day  with  the  Survey's  opinions 
on  the  Bidings ;  or,  Yorkshire  as  a  whole. 

A  door  has  thus  been  left  open  in  the  mean  time  for  others  to 
supply  the  growing  want  felt  here,  as  elsewhere,  of  a  more  general- 
ized treatise  than  is  afforded  by  these  detached  memoirs.  Accord- 
ingly, in  1863,  Mr.  J.  G.  Baker  published  a  work  on  North 
Yorkshire,  and  so  set  an  example  and  furnished  a  model  whei'eon 
to  found  the  work,  of  which  the  first  volume  lies  before  us. 

The  portion  devoted  to  geology  extends  over  the  first  228  pages, 
and  appropriates  to  itself  all  the  plates,  and  one  of  the  maps  for 
its  illustration. 

The  first  thing  one  notices  on  opening  the  book  is  an  excellent 
and  extremely  interesting  *'  Bibliography,"  chronologically  arranged, 
commencing  with  a  paper  published  by  Lister  in  1674,  and  carried 
down  to  the  end  of  the  year  1876.  The  introductory  chapter,  which 
follows  next,  is  devoted  to  a  sketch  of  the  physical  and  geological 
features  of  the  district  To  this  succeeds  a  series  of  chapters  on  the 
different  geological  periods  to  which  the  various  rocks  found  in  it 
belong,  namely, — Post-Tertiary,  Triassic,  Permian,  Carboniferous, 
Devonian  (?),  and  Silurian.  They  are  taken  in  ascending  order,  the 
Carboniferous,  owing  to  its  economic  importance,  coming  in,  of 
course,  for  the  ''  lion's  share  "  of  attention.  In  each  case  the  author 
briefly  describes  the  nature  and  characteristics  of  the  component 
beds,  giving,  when  occasion  warrants  it,  details  of  the  more  im- 
portant sections.  With  each  series  of  beds  we  find  a  list  of  its 
fossil  contents,  and  occasionally  a  few  words  as  to  the  probable 
conditions  under  which  it  was  deposited. 

The  oldest  rocks  of  this  area  are  the  Green  Slates  and  Porphyries 
of  Sedgwick,  here  classed  as  Lower  Silurian,  from  which  it  will  be 
aeen  that  the  author  follows  Murchison's  classification.    We  are  left 
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to  infer  that  tbe  beds  donbtfhUy  classed  as  Devonian  are  oertain 
"  red  conglomerates ''  at  tbe  base  of  tbe  Mountain  Limestone,  and 
resting  in  bollows  in  tbe  Silurian  slates  below ;  at  all  events  thej 
bave  a  chapter  to  tbemeelves.  No  fossils  bave  been  found  in  these 
conglomerates  "except  such  as  are  inclosed  in  tbe  Silurian  stonei 
it  contains." 

Tbe  Perraians  are  treated  of  separately,  and  the  existence  of  t 
considerable  break  at  this  locality  between  tbeni  and  tbe  Coal- 
measures  insisted  on,  tbougb  their  relation  to  tbe  overlying  Trias  is 
not  mentioned.  Tbe  red  and  purplish-red  Plumpton  Grits,  bitherto 
classed  as  Permian,  are  now,  on  the  authority  of  tbe  Geological 
Surveyors,  relegated  to  the  Millstone  Grit  series,  wbieb  is  here  imme- 
diately overlain  by  tbe  Permian  beds. 

Arrived  at  tbe  Trias,  we  become  aware  of  a  slight  obange  in  the 
method  of  treating  the  component  beds,  for  both  the  list  and  de- 
scription are  in  descending  order.  In  the  preceding  formation  tbe 
list  was  in  descending  order,  the  description  in  ascending ;  whilst  in 
the  Silurian  and  Carboniferous  both  lists  and  descriptiona  are  in 
ascending  order.  Variety,  though  charming,  may  prove  sometimes, 
as  in  the  present  instance,  rather  confusing. 

Tbe  fashionable  ''  Glacial  Period,"  which  follows  on  the  Trias,  it 
fully  dealt  with,  and  we  read  of  a  "  great  glacier "  1500  to  2000 
feet  thick,  and  of  another  *'  eight  miles  broad  and  at  least  700  or 
800  feet  deep."  These  ice-giants  do  not  appear  to  bave  troubled 
themselves  about  excavating  lake-basins ;  but  merely  to  bave  passed 
their  time  in  scratching  the  rooks  over  which  they  passed,  and  in 
transporting  huge  rock  fragments  from  place  to  place.  Some  re- 
markable examples  of  erratic  blocks  of  Silurian  age  that  have  been 
stranded  on  the  Mountain  Limestone  of  Norbar,  near  Clapbam,  are 
figured  on  plates  xiv.  and  xv.  The  Drift  deposits  are  very  irre- 
gular in  their  mode  of  occurrence;  thus,  "on  the  synclinal  south-west 
of  Carlton,  drift  is  exposed  at  Park  Head  Quarry  at  a  height  of 
1050  feet ;  other  parts  of  the  same  synclinal  at  a  height  of  not 
more  than  600  feet  are  devoid  of  drift.  As  a  role  the  thickest 
deposits  are  in  the  valleys  and  on  low  grounds ;  they  are  thinner  on 
the  hill-sides,  and  either  very  thin  or  absent  on  the  grit  and  lime- 
stone ridges  which  usually  form  the  summits  of  the  highest  bills." 

With  the  succeeding  Post-Glacial  beds  the  first  part  closes,  and 
we  start  over  the  ground  afresh  with  an  eye  to  its  physical  geo- 
graphy and  topographical  botany,  especially  the  latter.  Omitting 
the  long  list  of  botanical  names,  it  is,  from  its  very  nature,  far  more 
"  readable  "  than  the  foregoing. 

Tbe  plates,  which  bring  up  tbe  rear,  are  diagrammatic  rather  than 
elaborate,  and  are  well  suited  to  the  purposes  for  whiob  they  are  in- 
tended. One  can  only  wish  that  a  few  more  bad  been  added  giving 
views  illustrative  of  the  different  lapdscape  effects  produced  by  the 
several  formations,  as  in  the  Survey  publications.  The  maps,  stowed 
away  in  pockets  in  either  cover,  are  on  a  scale  of  4:in.  to  tbe  mile, 
and  carefully  finished.  The  geological  one  will  certainly,  as  Mr. 
Davis  hopes,  "  be  of  service  to  practical  geologists,  the  more  so  that 
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it  embraces  districts  for  which  the  Survey  Maps  are  not  yet  pub- 
lished " ;  whilst  the  work  itself  will  be  heartily  welcomed  by  all, 
the  completion  of  the  second  volume  looked  forward  to,  and  doubt* 
less  not  a  few  will  wish  that  yet  a  third  may  be  added  that  shall 
oomprise  the  Zoology  of  this  interesting  district.  B.  B.  Wj 


II. — ^Thb  Gcoloot  ov  the  Emperor  Francis- Joseph's  Aqxteduot  at 
Vienna.  A  Study  op  the  Tertiary  Formations  on  the  West 
Flank  op  the  Alpine  Portion  op  the  Neighbourhood  op  Vienna. 
(Geoloqie  dkr  Kaiser  Franz  Josefs  Hooh-qubllen-Wassbr^ 
LEiTUNG.  EiNE  Studie,  ctc.)  By  Felix  Karrer.  With  Twenty 
Plates,  and  numerous  Illustrations  in  the  Text.  Published  for 
the  Imperial  Royal  Geological  Institute.  4to.  420  pages.  (A. 
Hdlder,  Vienna,  1877.) 

THIS  is  a  very  fine  large  volume,  brought  out  by  the  Austrian 
G^logical  Survey,  at  the  expense  of  the  State,  and  elaborated 
by  the  care  of  that  excellent  geologist  and  palaeontologist  Felix 
Karrer,  with  the  co-operation  of  Suess,  Fuchs,  Jellinek,  von  Sacken, 
Teller,  and  many  other  friends,  whose  aid  he  acknowledges  in  the 
preface. 

The  great  Aqueduct  lately  constructed  to  supply  Vienna  with 
water  fh>m  the  Kaiserbrunnen,  distant  llf  Austrian  miles,  and  the 
Stixenstein  Springs,  about  9^  Austrian  miles  from  the  main  reservoir 
at  the  Rosenhogel,  and  thence  by  pipes  into  the  city,  is  the  subject  of 
this  noble  work.  The  nature  and  localities  of  the  sources,  and  the 
topographical  features  and  geological  structure  of  the  ground,  are  the 
main  objects  in  view,  besides  the  gradients  and  the  engineering  and 
architectural  characters  of  the  actual  works,  as  conduits  and  chambers 
at  the  springs,  open  channels,  tunnels,  bridges,  and  reservoirs. 

The  geology  of  the  Vienna  Basin  is  treated  of  in  a  general  way  in 
the  Introduction ;  and  a  valuable  list  of  books  and  memoirs  bearing 
on  the  subject,  from  1500  to  1875,  is  appended.  Additions  to  this, 
down  to  1876,  are  given  in  the  Appendix,  at  p.  403.  The  twelve 
large  plates  of  well-drawn  sections,  illustrating  the  line  of  the 
Aqueduct,  with  their  associated  plans  and  sketches  of  the  country, 
elucidate  the  physical  geography  very  clearly ;  and  the  fine  geologi- 
cal map,  by  Th.  Fuchs,  of  the  neighbourhood  of  Vienna,  including^ 
the  Rosenhiigel,  and  forming  pi.  19  (published  also  in  toI.  ix.  of  the 
Transactions  of  the  Geological  Institute  of  Vienna),  adds  greatly  to 
the  value  of  the  work. 

The  formations  traversed  by  the  Aqueduct  from  the  Kaiser- 
brunnen on  the  S.W.  (191 '80  Vienna  fathoms  above  the  Danube 
water-mark  at  Vienna)  to  the  Bosenhiigel  on  the  N.E.  (46*28),  on 
which  the  main  reservoir  is  situated,  comprise  Fost-Tertiary — 
Alluvium  and  Diluvium;  Tertiary — the  Congeria^beds,  the  Sar- 
matian  beds,  the  Mediterranean  beds;  Triassic — the  Upper  Trias 
or  Wetterstein-limestone,  the  -Guttenstein-limestone,  the  Werfen- 
Bchists ;  Older  Bocks — Grauwacke-schists. 

The  Triassic  rocks  come  to-day  at  the  Kaiserbrunnen,  resting 
on  old  schists,  in  which  the  valley  of  the  Schwarza  is  here  cut  for 
some  distance.    Gongeria-beds  succeed  as  far  as  Temitz,  where  the" 
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broader  valley  is  moatiiy  coated  with  alluvinro.  Tertiary  deposits 
are  again  met  with  when  the  Aqueduct  takes  the  hill-sides  towards 
Baden,  where  there  is  an  exposure  of  the  Triassic  limestone, 
surrounded  with  the  Mediterranean  Tertiaries.  At  Mod  ling  the 
Trias  is  seen,  with  gypsum ;  and  the  Sarmatian  Tertiaries  form 
most  of  the  ground  to  the  Rosenhiigel,  beyond  which  the  groond 
falls,  for  about  half  an  Austrian  mile,  to  the  valley-deposits  of  the 
present  river. 

The  branch  Aqueduct  from  Stixenstein  (160*77  Yienneae  fathoms 
above  the  Danube,  and  9^  Austrian  miles  from  Vienna)  begins  on 
Triassic  limestones  and  schists,  and  follows  the  valley-deposits  of 
the  local  stream,  to  join  the  main  line  at  Temitz. 

Besides  containing  many  maps,  plans,  and  diagramSy  the  texi  is 
enriched  with  nearly  a  hundred  numbered  vignette  sketcbea,  mostly 
geological,  giving  the  local  details  of  numerous  well-execoted 
sections,  supplemental  to  the  longer  sections  on  the  plates. 

The  description  of  the  Aqueduct  and  the  ground  traversed  by  it 
is  given  in  chapters  according  to  the  successive  segments.  Hie 
geology,  including  the  palaeontology,  is  fully  given,  together  with 
references  to  all  the  authors  and  workers  who  have  originated  or 
added  to  what  is  known  of  each  locality. 

The  quantity,  temperature,  and  constitution  of  the  waters  of  the 
localities  concerned  are  carefully  noted  and  in  many  oases  tabulated. 
The  thermal  area  of  Baden,  and  the  artesian  wells  of  Atzgersdorf, 
have  special  mention  and  maps. 

Various  objects  of  anti(jiiity  were  discovered  in  the  course  of  the 
works.  Tliose  from  an  ancient  cemetery  (of  the  Bronze  Period)  at 
Ijeobersdorf,  are  particularly  described  and  illustrated  (pis.  17  and 
18),  by  Baron  von  Sackeu  ;  and  some  pre-historic  skulls,  from  the 
same  place,  by  F.  Teller.  Besides  the  geological  descriptions, 
sections,  and  maps,  with  which  this  work  on  the  Vienna  Aqueduct 
abounds,  we  must  especially  mention  the  beautiful  illustrations  and 
careful  definitions  of  new  species  of  fossil  Mollusca  and  Fora- 
niinifera  (pis.  16a  and  166),  with  which  Theodor  Fuchs  and  Felix 
Karrer  have  enriched  this  magnificent  volume,  which  in  every 
respect  worthily  represents  the  liberality  of  an  enlightened  State, 
and  the  industry  and  knowledge  of  enthusiastic  and  conscientious 
geologists,  both  within  and  without  the  offices  of  the  Survey,  of 
whom  the  Imperial  Government  may  well  be  proud. — ^T.R.J. 

III. — "  Neues  Jahrbuch  fur  Mineralogie,  Geologie  und  Paue- 
ONTOLOGiE,"  founded  by  K.  C.  von  Leonhard  and  H.  G.  Bronn, 
continued  by  G.  Leonhard  and  II.  B.  Geinitz.  For  the  years 
1876,  1877.     8vo.     (E.  Koch,  Stuttgart) 

THIS  well-sustained  periodical  continues  to  supply  us  with  the 
results  of  the  scientific  industry  of  Germans  and  others  wlio 
studiously  work  at  rocks,  minerals,  and  fossils  in  the  field  and  in 
the  laboratory.     As  usual,  there  are  not  so  many  memoirs  devoted  to 
physical  geology  and  palaeontology  as  to  mineralogy  and  petrology ; 
nd  the  current  correspondence  shows,  also,  that  the  several  fields 
k  mineralogical  study  are  closely  cultivated  by  the  larger  number 
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of  students.  But  this  may  well  be  in  a  oonntiy  largely  constituted 
of  altered  and  igneous  rooks,  and  among  students  who  have  reason 
to  look  for  eyidenoe  of  geological  history  as  well  in  the  original 
conditions  and  successive  changes  of  rock-material  as  in  the 
character  and  position  of  organic  remains.  The  valuable  abstract 
notices  of  contemporaneous  books  and  memoirs  treating  of  geology 
and  mineralogy  are  abundantly  and  carefully  given  as  heretofore. 


THE  POSSIBILITY  OF  CHANGES  OF  LATITUDE. 

Sib, — The  question  discussed  in  the  article  on  Changes  of  Axis  in 
the  June  Number  of  this  Magazine  was, — **  The  earth  being  rigid, 
oould  a  deformation  tilt  the  axis  in  space,  or  shift  the  position  of 
the  Poles  ?  "  The  answer  was  that  a  tilt  was  impossible  and  a  shift 
improbable.  Mr.  Fisher,  in  the  July  Number,  asks  for  a  discussion 
of  the  question — "  Assuming  that  a  thin  crust  surrounds  a  fluid  sub- 
stratum, oould  then  a  deformation  shift  the  crust  over  the  nucleus  ? 

An  obvious  reply  is,  that  if  the  Earth*s  rigidity  has  been  proved, 
the  discussion  woiQd  be  fruitless.  Mr.  G.  H.  Darwin,  who  has  been 
investigating  this  point,  concludes  that  the  Earth  is  **  enormously 
stiff"  (Proa  Royal  Soc.,  No.  188,  1878). 

However,  the  nature  and  consequences  of  the  objection  to  Dr. 
Hopkins's  demonstration  may  be  noticed.  His  argument  was  in 
effect  that  if  there  existed  a  very  large  fluid  nucleus,  since  the  shell 
would  slide  freely  over  it,  the  Earth's  crust  could  not  oppose  to  the 
tilting  forces  so  great  a  resistance  as  we  find  from  the  amount  of 
Precession  that  it  does  oppose.  To  this  it  is  now  answered  that  if 
the  fluid  nucleus  be  spheroidal  and  rotating,  it  would  resist  the 
tilting  force  which  produces  Precession,  and  the  shell  would  not 
slide  freely.  But  then  would  it  not  also  resist  the  tilting  tendency 
resulting  from  a  deformation  ?  If  Dr.  Hopkins's  proof  from  Pre- 
cession collapses,  does  not  also  the  supposition  become  untenable 
that  a  fluid  nucleus  would  render  easy  a  shift  of  the  crust  ?  The 
suggestion  of  a  fluid  substratum  seems  to  lead  to  the  same  dilemma ; 
either  the  fluid  could  resist  any  shift  of  the  crust,  or  it  could  not, 
and  so  Dr.  Hopkins's  disproof  remains  valid. 

A  question  prior  to  all  this  is.  Will  a  change  in  Latitudes  give  the 
best  explanation  of  the  phenomena  ?  E,  Hill. 

St.  John's  Collbos,  Cambridob,  August  22nd, 

QEOLOQICAL  TIME. 

Snt, — ^The  great  difficulty  encountered  by  the  geologist,  in  re- 
ducing a  section  of  Geological  Time  to  years,  from  the  want  of  data, 
18  so  well  known,  that  bringing  the  following  before  your  readers 
may  be  pardoned,  as  an  attempt  to  measure  a  small  section  of  time. 

Li  the  parish  of  Beith,  North  Aryshire,  the  Lower  Carboniferous 
Limestone  is  extensively  wrought  as  a  surface  stratum.  In  some 
quarries  the  limestone  is  preserved  by  a  thick  covering  of  Boulder- 
clay,  and  here  the  surface  is  ice-polbhed  and  finely  striated,  retaining 
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the  same  featarea  as  when  the  ioe-grinding  stopped.  In  other 
qaarries,  where  the  oovering  is  loose,  the  limestone  is  eroded  into 
pits,  swallow-holes,  and  orevioes,  many  feet  in  thickness  being  often 
dissolved  away  altogether.  For  a  loDg  time  I  have  been  on  the 
outlook  to  find  a  section  that  would  give  the  namber  of  feet 
destroyed  by  sub-aerial  erosion  since  glacial  action  ceased ,  but  failed 
until  lately.  It  was  always  easy  enough  to  know  how  many  feet  had 
been  removed  as  a  whole,  but  there  was  no  data  to  show  where  glacial 
action  had  stopped,  and  sub-aerial  erosion  had  commenced.  How- 
ever, a  section  has  been  laid  open  that  gives  a  close  approximation. 

In  the  upper  half  of  this  limestone  various  bands  of  nodular  flint 
occur,  three  of  which  bands  are  prominent ;  and  are  divided  from  each 
other  by  five  feet  of  intervening  limestone,  and  lesser  flint  bands. 
In  one  section,  where  about  20  feet  of  limestone  had  been  removed 
by  erosion,  the  three  flint  bands  were  found  nearly  entire,  while  the 
limestone  was  gone.  It  was  therefore  clear  that  all  of  it,  from, 
at  least,  the  upper  flint  band,  had  been  destroyed  by  sudi  sub-aeritl 
erosion  since  glacial  action  stopped — the  minimum  quantity  eroded 
cannot  be  less  than  twelve  feet,  probably  as  much  as  fifteen  feet 

Having  measured  the  rate  of  erosion  for  thirty  years,  by  taking 
the  limestone  surface  with  a  plastic  substance,  and  replacing  the  loss 
through  erosion  with  water,  and  thus  calculating  tbe  loss,  I  find 
from  this,  that  it  is  being  denuded  at  the  rate  of  -^  of  an  inch  in 
fifty  years,  or  one  foot  in  9600  years.  If  this  be  anything 
approaching  an  average,  it  would  take  115,000  years  to  denude 
twelve  feet,  or  144,000  to  reduce  fifteen  feet,  the  probable  quantity 
destroyed. 

I'bis  gives  an  approximation  of  the  time  that  has  passed  away 
since  glacial  action  stopped,  and  sub-aerial  erosion  commenced. 
Still  a  conKiderable  period  may  have  been  taken  up  in  denuding 
clay  left  by  tbe  ice  ;  but  on  this  I  do  not  enter,  farther  than  to  say 
that  tbe  section  being  on  a  very  small  plateau,  on  a  water-shed,  and 
I  believe  that  very  little  Boulder-clay  would  be  left  upon  it,  and 
that  sub-aerial  erosion  would  commence  shortly  after  glaciation  had 
stopped.  KoBKST  Craig. 

Lanoslde,  Bbith,  Sept.  4fk^  1878. 

THE  DIVINING  ROD. 
SiK, — The   following  extract  from    the   Marlborough    Times  of 
Aug.  24th  should  possess  great  interest  for  readers  of  the  Geol.  Mag. 

London,  6th  Sept.,  1878.  W.   H.   PENNING. 

Seauch  for  Water. — A  person  from  Colerne,  near  Bath,  who  professes  to  have 
tlie  gift  of  divining  where  a  spring  of  water  is  to  be  found  by  means  of  a  small 
piece  of  white  thorn  of  this  year's  growth  in  the  shape  of  a  V,  was  at  Wootton 
bassctt  the  other  day  and  operated  on  Mr.  Hart's  promises,  pointing  out  a  site  lor 
another  well  for  his  orewen' — even  the  depth  at  which  water  would  be  likelv  to  be 
found  boing  designated  by  him.  It  is  said  that  those  who  possiiess  this  ouality  are 
extremely  few.  Two  of  three  years  since  a  person  named  We^ire  resiaed  in  the 
town  who  used  the  divining  rod,  and  who  had  a  most  implicit  and  sincere  belief  in 
his  powers,  for  which  he  could  not  account,  and  really  to  a  looker  on  tbe  rod 
appeared  to  move  (^uite  independently  of  him  and  in  fact  to  be  beyond  his  control. 
The  operator  on  this  recent  occasion  stated,  we  believe,  that  he  had  been  successful 
in  discovering  springs  by  this  means  on  more  than  two  hundred  occasions  without  a 
single  failure.  (!) 
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Pao7B880r  JoHir  MoREis,  M.A.  Cantab.,  F.Q.S.,  etc. ;  ^ 
President  of  the  QeologistB*  Association. 

(With  a  Portbait.) 

THERE  are  left  to  ub  at  the  present  day  but  a  few  of  those 
naturally-gifted  masters  in  scienoe  whose  career  may  be  fitly 
likened  to  that  of  the  illustrious  Faraday;,  to  this  type  of  man 
belongs  Professor  John  Morris  among  geologists.  Though  occupying 
a  modest  position  in  society,  and  possessing  but  few  of  the  advantages 
which  the  world  offers,  Professor  Morris  has  achieved  for  the  science 
of  his  choice  a  vast  amount  of  popularity  and  recognition;  and 
during  a  long  career  he  has  by  his  eloquence,  his  unassuming 
manner,  and  straightforward,  earnest,  and  warm-hearted  friendship, 
exercised  a  powerful  influence  over  all  with  whom  he  has  been 
brought  in  contact. 

Professor  Morris  was  bom  at  Homerton,  near  London,  February 
19th,  1810.  His  father,  Mr.  John  Morris,  was  a  timber-merchant 
in  the  City  of  London,  and  his  son  is  a  Freeman  of  the  Wheelwrights 
Company  and  a  Freeman  and  Liveryman  of  the  Turners  Company, 
and  Citizen  of  London,  of  which  his  father  also  was  a  Citizen.  His 
early  education  was  received  at  a  private  school  at  Clifton,  near 
Nuneham,  Berks,  and  afterwards  at  Parson's  Green,  Fulham.  His 
first  ideas  of  science  were  derived  from  some  occasional  lectures 
delivered  at  the  Clifton  School,  from  which  he  imbibed  an  ardent 
interest  for  Astronomy;  one  of  his  earliest  papers  being  entitled, 
"  A  Few  Observations  on  the  Aurora  Borealis  visible  at  Kensington, 
on  the  evening  of  Oct.  6,  1836  "  (Mag.  Nat  Hist,  1836,  p.  574). 

For  many  years  he  was  engaged  as  a  Pharmaceutical  Chemist  in 
Kensington,  but  although  devoting  part  of  his  time  to  business,  he 
was  from  a  very  early  date  (as  his  published  papers  demonstrate) 
ardently  addicted  to  scientific  pursuits,  which  in  time  eng^rossed  all 
bis  thoughts. 

So  early  as  1836,  Mr.  Morris  began  to  collect  materials  for  a 
Catalogue  of  British  Fossils.  Previous  to  this  date,  the  only  work 
available  for  the  student  in  this  country  was  "A  Synoptical  Table  of 

^  We  perhaps  owe  an  apoloey  to  onr  coadjutor  for  publishing  in  onr  pages  the 
ahoTe  memoir,  out  he  will,  we  douht  not,  ^ve  us  his  inaulgence  when  he  knows  that 
onr  imperfect  record  will  grati^  a  large  circle  of  friends  who  entertain  for  him  the 
warmest  regard. — Edit.  Gbol.  Mao. 
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British  Organic  Eemains,"  published  in  1830,  by  Samuel  Woodward, 
of  Norwich,  This  well-known  geologist,  however,  died  in  1837, 
and  his  second  son,  Dr.  S.  P.  Woodward,  at  that  time  a  youthfiil 
assistant  under  Mr.  William  Lonsdale,  in  the  Museum  of  Uie  Geo- 
logical Society,  not  attempting  to  bring  out  a  new  edition  of  his 
father's  book,  the  task  of  supplying  geologists  with  a  work  meeting 
this  desideratum  devolved  upon  Professor  Morris. 

Whilst  engaged  in  preparing  this  catalogue,  he  published  a 
valuable  series  of  preliminary  notes  in  the  Magazine  of  Natural 
History  for  1839.  These  were  continued,  section  by  section,  for 
some  time  previous  to  the  appearance  of  the  first  complete  edition 
of  the  Catalogue  in  1845. 

In  recognition  of  the  task  upon  which  he  was  engaged,  the  Council 
of  the  Geological  Society  awarded  Mr.  Morris  the  Balance  of  the 
Proceeds  of  the  Wollaston  Fund  for  1842  and  1843. 

The  second  edition  of  Morris's  Catalogue  appeared  in  1854,  the 
Council  again  recognizing  the  importance  of  the  work  by  the  award 
of  the  Wollaston  Fund  in  1850  and  1852. 

We  believe  it  is  the  intention  of  the  author  shortly  to  publish  a 
third  edition,  for  which  he  has  long  been  engaged  in  accumulating 
materials. 

This  Catalogue  may  be  placed  among  the  most  important  contri- 
butions to  modem  geology.  It  is  far  from  being  a  mere  compilation, 
as  every  one  who  has  worked  with  it  can  testify.  Every  group, 
every  genus,  every  species,  was  made  the  subject  of  exact  study, 
and  in  each  department  the  specialist  is  surprised  to  find  the  advanced 
views  of  this  great  master  in  Palaeontology.  This  work,  with  its 
wonderful  accuracy  in  detail,  has  contributed  largely  to  the  elabora- 
tion of  stratigraphical  geology  by  supplying  the  life-data  so  necessary 
for  such  a  task. 

In  the  year  1855,  after  two  geological  tours  through  Europe,  in 
1853  and  1854,  with  Sir  Roderick  I.  Murchison,  Professor  Morris 
was  induced  by  that  eminent  geologist  to  offer  himself  as  a  candidate 
for  the  Chair  of  Geology  in  University  College,  to  which  he  was 
appointed,  and  which  he  continued  to  hold  until  June,  1877,— a 
period  of  22  years, — when  the  Rev.  T.  G.  Bonney,  M.A.,  F.R.S., 
was  elected  to  succeed  him.  During  this  time  Baron  Goldsmid  gave 
a  small  endowment  to  this  Chair,  which  thenceforward  bore  his 
name.  Mr.  James  Yates,  M.A.,  F.R.S.,  also  took  a  warm  interest 
in  Geology,  and  bequeathed  a  handsome  sum  for  the  same  purpose, 
to  he  available  after  the  death  of  Mrs.  Yates. 

But  few  are  aware  of  the  amount  of  preparation  required  and 
mental  wear  and  tear  sustained  by  a  scientific  man  holding  the  office 
of  Professor.  During  his  occupation  of  the  Chair  of  Geology 
Professor  Morris  delivered  over  1100  lectures  to  his  class,  besides 
directing  field-excursions  and  giving  demonstrations  in  the  Museum. 

In  addition  to  these  lectures  he  delivered  courses  of  lectures  at  the 
Royal  Agricultural  College,  Cirencester ;  the  Natural  History  Society, 
Newcastle ;  the  Yorkshire  Philosophical  Society ;  the  Birmingham 
Natural  History  Society ;  the  London  Institution ;  the  Royal  Institu- 
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tion,  and  the  Croydon  Microscopical  Society.  For  many  years  he 
lectured  at  the  Coal  Exchange  before  the  Coal  Factors  Society,  on 
"  Coal  and  Coal  Mining " ;  and  for  two  years  he  acted  as  Deputy- 
Woodwardian  Professor  of  Geology  in  the  University  of  Cambridge, 
for  his  old  friend  Professor  Sedgwick.  Between  1870  and  1872,  and 
from  1877  to  the  present  time,  he  has  filled  the  office  of  President  of 
the  Geologists'  Association,  and  for  many  years  he  has  been  ac- 
customed to  lead  the  country  excursions  of  this  Society  in  almost 
every  district  in  England,  ever  ready  in  the  Field  as  in  the  Class- 
room, to  impart  valuable  and  timely  information,  and  elucidating  the 
geology  of  each  district  visited  with  untiring  energy  and  good  will. 

His  printed  papers  are  fewer  in  number  than  would  have  been 
expected  from  so  able  and  experienced  a  geologist  and  palsBontolo- 
gist,  but  they  are  of  extreme  value,  from  the  large  and  philosophical 
views  which  the  author  takes  of  the  subjects  treated  on,  and  for  the 
careful  and  extensive  bibliographical  references  they  always  contain, 
doing  full  justice  to  his  predecessors. 

He  has  been  a  most  constant  and  diligent  student  of  the  current 
literature  of  geology,  ever  adding  new  facts  to  his  store  of  know- 
ledge. But  he  has  a  strong  antipathy  to  appear  in  print,  and  much 
of  his  knowledge  would  inevitably  be  lost  to  science  were  it  not  for 
the  fact,  that  he  is  always  ready  to  communicate  information  to  in- 
quirers. He  is  moreover  so  indifferent  to  the  matter  of  receiving 
recognition,  that  many  of  his  viewa  have  become  common  property. 

We  have  heard  one  who  has  frequently  acknowledged  publicly 
his  indebtedness  to  Professor  Morris,  say,  that  it  was  often  difficult 
for  him  to  distinguish  what  was  his  own  work,  and  what  he  owed  to 
Prof.  Morris,  seeing  that  the  Professor  so  freely  communicated  his 
knowledge  in  conversation,  that  it  became  incorporated  with  the 
author's  own  store,  and  there  being  no  written  or  printed  record  to 
appeal  to,  it  was  difficult  to  determine  where  the  obligation  began 
or  ended.     Many,  we  believe,  could  bear  similar  testimony. 

But  it  is  not  alone  in  Geology  and  Palaeontology  that  Professor 
Morris  has  proved  himself  an  efficient  master ;  among  his  varied 
acquirements  must  specially  be  mentioned  his  extensive  and  accurate 
acquaintance  with  Mineralogy,  upon  which  science  he  gave  regular 
lectures  and  demonstrations  in  University  College.  Nor  is  his  ac- 
quaintance with  practical  Mining  and  Metallurgy  less  remarkable.  A 
disinclination  to  engage  in  mercantile  mining  operations  has,  how- 
ever, debarred  Professor  Morris  from  accepting  many  remunerative 
professional  offers,  which,  ''  taken  at  the  flood,"  might  have  '*  led 
on  to  fortune";  but  Fortune's  wheel  was  never  the  ambition  of 
Professor  Morris's  life — his  greatest  happiness  has  been  derived  from 
traversing  some  well-exposed  geological  section,  and  explaining  its 
salient  features  to  an  eager  and  willing  class  of  students. 

Honours,  well-earned,  have  been  bestowed  upon  Professor  Morris, 
and  testimonials  of  a  more  substantial  nature  have  not  been  wanting 
to  express  appreciation  of  his  services  to  science. 

On  July  14, 1870,  a  meeting  (at  which  nearly  a  hundred  gentlemen 
oooupying  prominent  positions  in  geological  science  and  in  mini 
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were  present)  was  held  at  the  Apartments  of  the  Geological  Society 
in  Somerset  House,  presided  over  by  Sir  Roderick  I.  MnrchisoD, 
Bart.,  E.C.B.,  F.B.S.,  to  present  to  Professor  Morris  an  address  on 
vellum  (indited  by  the  facile  pen  of  the  late  Prof.  John  Phillips, 
F.E.S.,  of  Oxford),  accompanied  by  a  sum  of  over  £600,  as  a  testi- 
monial of  the  high  appreciation  in  which  his  scientifio  labours  were 
held  by  his  numerous  friends. 

At  the  Anniversary  Meeting  of  the  Qeological  Society,  February 
18th,  1876,  the  first  award  of  the  Lyell  Medal  and  Fond  was  (by 
a  unanimous  vote  of  the  Council)  made  to  Professor  Morris.  In 
presenting  the  medal,  the  President,  Mr.  John  Evans,  D.C.L.,  LL.D., 
F.R.S.,  said,  after  referring  in  laudatory  terms  to  Professor  Morris's 
Catalogue  and  published  papers  on  Gkology: — "Your  lectures  have 
done  much  to  spread  a  taste  for  Qeology,  and  to  enlarge  the  number 
of  its  students;  and  those  who  have  heard  you  take  part  in  oar 
discussions  must  have  been  astonished  alike  at  the  minuteness  of 
your  knowledge  of  every  branch  of  Geology  and  Palaeontology,  and 
at  the  powers  of  memory  by  which  you  were  enabled  to  apply  it" 

On  the  7th  of  February,  1878,  Prof.  Morris  was  admitted  to  the 
Freedom  and  Livery  of  the  Turners'  Company  of  the  City  of  London, 
''  in  consideration  of  his  eminence  in  the  science  that  relates  to  the 
structure,  composition,  and  distribution  of  the  mineral  substances 
em])loyed  in  the  Turners'  Art." 

But  probably  the  honour  of  which  Professor  Morris  feels  most 
justly  proud  is  that  which  he  received  on  the  6th  of  June  last,  when 
the  Senate  of  the  University  of  Cambridge  conferred  upon  him  the 
honorary  degree  of  Master  of  Arts.^ 

*  The  following  is  the  speech  delivered  by  the  Public  Orator  on  June  6th,  1878, 
in  presenting  John  Morris,  F.G.S.,  late  Professor  of  Geology  at  University  College, 
London,  for  the  honorary  degree  of  Master  of  Arts  : — 

Di^nissimo  domine,  domine  Procancellarie,  et  tota  Academia  : 

In  iiis  sedibus  priorum  sieculorum  munificentia  doctrina?  dedicatis  atquc  recentiori- 
bns  disciplinis  melius  indies  accommodatis,  antiqua  respicimus  et  Teneramur  Vetera, 
pod  idem  inter  recentiora  optimum  quidque  fovemus  et  nova  (mode  vera  sint)  non 
reforniidamus.  Quanto  igitur  cultu  digna  est  ilia  pnosertim  scientia,  auae  ipsa  nuper 
in  ordinem  redacta,  orbis  terrarum  explorat  antiquitatem,  quae  prions  aevi  vestigia 
paxis  impressa  indagatnr,  qua?  monuments  vctusta  rupibus  insculpta  interpretatur, 
qute  illas  denique  reruni  species  qua)  antiquitus  vivebant  cum  his  qurc  hodie 
snpersiint  comparat.  Quanta  etiam  laude  vir  iiic  dignus  est,  qui  annos  quadraginta, 
maprii"ni  vita»  spatium,  illi  scientia)  excolenda)  felieiter  impendent ;  qui  viginti  annos 
inter  Londinenses  professoris  munere  egregie  functus  sit ;  qui  nobis  denique  eo 
artiore  vinculo  sit  conjunctus,  quod  ipse  geologorum  Britannicorum  quotquot  nunc 
vi\unt  eruditissimus,  duo  annos  illius  viri  erat  vicarius,  qui  a)qua]ium  suorum  diu 
siiperstc's',  non  recentiorum  modo  disciplinarum  lumen  sed  prise©  etiam  virtutis 
ex(;mplar  nobis  pra'ferebat,  Nestor  ille  nost^r,  Adamus  Sedgwick. 

Geologiie  quidem  stndiosis  satis  notum  est  hujus  viri  magnum  illud  opus,  in  quo 
tot  antiqua?  vit.T  monumenta  e  rupibus  effossa  per  seriem  recensentur ;  sed  omnes 
sibi  eo  prirsertim  nomine  obstrinxit,  quod  neque  laudis  nequc  lucri  avidus  suos  fontes 
omnibus  patere  passus  est,  quodque  e  snip  scientia*  finibus  in  illas  art^  egressus  est, 
qufc  ad  commimem  vita*  utilitat^'m  pertinent,  illud  unice  verum  arbitratus,  scientiam 
aitis  expertem  sibi  soli  viverc,  artem  scientia  nixam  universo  generi  humano  magno 
in  perpetuum  esse  adjumento. 

Jure  ijritur  post  tot  annos  nssiduis  laboribus  deditos  professoris  emeriti  titulo  inter 
suos  omatus  est,  felix  laborum  proeteritonim  memoria,  felix  etiam  successore  sno ; 
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His  own  College,  on  his  retirement  from  the  active  duties  of  his 
Ohair,  resolved,  in  appreciation  of  his  valuable  services,  to  retain  his 
connexion  with  the  Institution  by  appointing  him  **  £meritus 
Professor." 

Professor  Morris  is  also  a  Foreign  Member  of  the  Boyal  and 
Imperial  Qeological  Institute  of  Vienna,  of  the  Natural  History 
Society  of  Dresden,  of  the  Academy  of  Natural  Sciences,  Philadel- 
phia, and  of  the  Soci^t^  G^eologique  du  Nord. 

Murohison's  name  is  inscribed  on  a  tablet  in  Bavaria's  Walhalla ; 
though  the  name  of  his  early  and  life-long  friend  may  never  find  a 
place  there,  it  will  ever  be  a  household  word  to  geologists,  and  his 
services  can  never  be  forgotten  by  the  younger  men  now  actively 
advancing  the  science  of  geology,  many  of  whom  owe  so  much  to 
bis  teaching. 

The  following  is  a  list  of  Professor  Morrises  scientific  papers  as 
far  as  we  have  been  enabled  to  collect  them  : — 

Observationfl  on  the  Strata  near  Woolwich. — Mag.  Kat.  Hist.  viii.  1835,  pp. 
356-367. 

On  a  Freshwater  Deposit  containing  Mammalian  Remaina  recently  discoTered  at 
Grays,  Essex.— Mag.  Nat.  Hist.  ix.  1836,  pp.  261-264. 

On  some  Deposits  containing  Mammalian  Bemains  at  Maidstone,  Kent. — Mag. 
Nat.  Hiat.  iz.  1836,  pp.  693-597. 

On  some  Strata  usually  termed  Plastic  Clay  (1837). — Qeol.  Soc  Proc.  ii.  1838, 
pp.  450-452. 

On  the  Coast  Section  from  White  CliS.  Lodge,  one  mile  south  of  Ramsgate,  to 
the  ClifTs  End,  near  the  "  Station  Brig  "  in  Pegwell  fiay,  Kent.— Geol.  Soe.  Proc. 
ii.  1838,  pp.  595-596. 

Remarks  on  the  Production  of  Crystals. — Mag.  Nat.  Hist.  ii.  1838,  pp.  43-44. 

On  the  Deposits  containing  CamiTora  and  otner  Mammalia  in  the  Valley  of  the 
Thames.— Ma^.  Nat.  Hist.  ii.  1838,  pp.  639-548. 

A  Systematic  Catalogue  of  the  Fossil  Plants  of  Britain. — Mag.  Nat.  Hist.  iii. 
1839,  pp.  452-457.  643-548,  iy.  pp.  76-80.  179-183. 

Remarks  upon  the  Recent  and  Fossil  Ctcadbjb. — ^Ann.  Nat.  Hist.  vii.  1841,  pp. 
110-120. 

On  the  Occurrence  of  the  Genus  FoUieipet  in  the  Oxford  Clay. — Ann.  Nat.  Hist. 
XT.  1846,  pp.  30<31. 

Description  of  some  New  Species  of  the  Genus  Aneylocernu, — Ann.  Nat.  Hist.  xt. 
1845.  pp.  31-34. 

On  the  Buh-di¥ision  of  the  Genus  Ter^fratula, — Geol.  Soc.  Joum.  ii  1846,  pp. 
382-389. 
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jure  a  nobis  artium  magister  hodie  salntatus,  quasi  ex  alto  man  in  portum  placidum 
vectus  hac  saltern  laureola  nunc  demum  coronatur, 

ceu  pressfB  cum  jam  portum  tetigere  carinse 
puppibus  et  Iseti  nautce  imposuere  coronas. 
Ceterom  nobis  vix  necesse  est  coram  illo  plura  dicere,  cui  lapides  quoque  muti 
loquuntur ;  quod  si  talis  viri  laudes  prorsus  tacuiasemus,  prope  ipsa  saxa  (nisi  fallor) 
indignabunda  reclamare  voluissent. 
Duco  ad  vos  Johaknbm  Morbis, 
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Morris,  John,  and  John  Lycett.  A  Monograph  of  the  Mollusca  from  the  Great 
Oolite,  chiefly  from  Minchinnampton  and  the  Coast  of  Yorkshire. 
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of  the  Thiiringerwald  and  the  Harz.— Geol.  Soc.  Joum.  xi.  1855,  pp.  409-450. 

Morris,  John,  and  J.  Prestwich.  On  the  Wealden  Strata  exposed  by  the  Tun- 
bridge  "Wells  Bailway. — Geol.  Soc.  Joum.  ii.  1846,  pp.  397-405. 

Morris,  John,  and  Geo.  £.  Boberts.  On  the  Carboniferous  Limestone  of  Oreton 
and  Parlow,  Clee  Hills,  Shropshire.— Geol.  Soc.  Joum.  xviiL  1862,  p.  94-102. 

Morris,  John,  and  Daniel  Sharpe.  Description  of  eight  Species  of  Brachiopodous 
Shells  from  the  Palaeozoic  Bocks  of  the  Falkland  Islands. — Geol.  Soc.  Joum.  ii. 
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Moms,  John,  and  Thomas  Oldham.  On  the  Fossil  Flora  of  the  Bajmahal  HiUs, 
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theuL— Edit.  Gbol.  Mao. 


II. — ^Thb  General  History  of  the  Cephalopoda,  Beoent  and 

Fossil.* 

By  M188  A0NB8  Cbanb. 

MANY  of  the  living  forms  of  Cephalopodous  molluscs  are  now, 
thanks  to  the  Brighton  Aquarium,  familiar  to  us  all ;  and,  as 
the  habits  and  characteristics  of  the  squids,  octopods,  and  cuttles 
have  been  duly  recorded  by  Mr.  Henry  Lee  in  his  amusing  book  on 
"  The  Octopus,"  *  published  in  1875, 1  shaH  here  restrict  myself  to 
those  points  in  the  structure  of  the  living  forms  which  bear  upon 
the  history  of  the  class  as  a  whole,  giving  merely  those  anatomical 
details  which  are  absolutely  indispensable  for  a  right  comprehension 
of  the  nature  and  affinities  of  the  numerous  fossil  and  extinct  members 
of  the  order.  I  may,  however,  observe,  en  passant^  that  the  existence 
of  a  certain  sub-stratum  of  truth  in  the  old  stories  of  giant  Cepha- 
lopods  was  ably  proved  by  Mr.  Saville  Kent,  in  the  "  Popular  Science 
Beview,"  for  1874,  and  that  specimens  have  been  more  recently  cast 
ashore  in  Trinity  and  Logic  Bays,  on  the  coast  of  Newfoundland,  that 
may  fairly  claim  to  be  of  enormous  dimensions.  Thus,  in  a  truly 
formidable  calamary,  or  squid,  the  tentacular  arms  measured  80  feet, 
the  largest  suckers  being  one  inch  in  diameter,  the  shorter  (or  pedal) 
arms  were  11  feet  long,  and  the  body  was  10  feet  Professor  Yerrill 
has  also  described  a  huge  cuttle,  estimating  the  total  length  at  40 
feet,  the  large  tentacles  were  26  feet  long,  with  a  maximum  circum- 

1  This  paper,  originally  read  before  the  Brighton  and  Snssex  Natural  History 
Society,  September  12,  1878,  has  since  been  carefully  rerised  and  augmented  both 
by  the  Autnoress  and  the  Editor. 

»  «♦  The  Octopus."    Henry  Lee.    London,  1875. 
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ference  of  16  inches  at  their  union  to  the  body.  A  new  genu  of 
calamary,  allied  to  the  Architeuthis  of  Steenstrup,  with  arms  mei8a^ 
ing  over  23  feet,  was  discovered  on  the  island  of  St.  Paul,  in  the 
Indian  Ocean,  hy  M.  Charles  Y^lain,  the  naturalist  attached  to  thi 
French  Expedition  for  the  observation  of  the  transit  of  Yenos,  at  tiat 
station.^  The  size  attained  by  some  of  the  foasQ  species  will  be 
noted  in  the  sequel. 

The  Cephalopoda*  are  more  highly  organized  than  any  other  mem- 
bers of  the  sub-kingdom  Mollusca ;  and,  oonseqaently,  rank  at  the 
summit  of  that  great  natural  division  of  the  animal  kingdom,  com* 
prising  the  invertebrated  animals.  The  technical  name  of  this  impor- 
tant group  of  molluscs  describes  the  position  of  their  locomotive  and 
prehensile  organs,  which  are  attached  in  a  circle  ronnd  the  mootk 
The  brain,  eyes,  heart,  and  lungs,  are  well  developed.  The  CspJUtiopodi 
are  all  inhabitants  of  the  sea,  and  are  almost  universally  distributed 
in  the  existing  oceans.  The  geological  range  of  the  class  is  also 
great,  for  thev  occur,  more  or  less  abundantly,  in  a  fossil  state  in  all 
the  marine  oeposits,  ranging  from  the  Upper  Cambrian  formatioo 
upwards  throughout  the  whole  sequence  of  geological  strata.  Th^ 
are  divided  into  two  groups,  a  classification  (first  proposed  by  Pro! 
Owen)'  based  on  the  respiratory  system.  The  more  lowly  oiganiaed 
tetrabranchiate,  or  four-gilled,  Cephalopods  are  characterized  by  the 
possession  of  a  many-chambered  external  shell,  and  the  absence  of 
an  ink-bag.  Our  knowledge  of  the  anatomy  of  this  once  dominant 
class,  so  abundantly  represented  in  the  seas  of  the  Palaeozoic  and 
Secondary  periods,  is  founded  solely  on  the  structure  of  the  Pearly 
Nautilus,  the  only  member  of  the  order  surviving  in  the  existing 
oceans.  Dead  shells  of  this  genus,  of  which  there  are  at  most  three 
species,  are  a  common  object  in  our  museums,  but  the  animal  in- 
habiting that  wondrous  dwelling  has  but  rarely  been  obtained.  It 
was,  however,  certainly  known  to  Aristotle,  but  no  further  observa- 
tions were  recorded  until  those  of  the  Dutch  naturalist  Rumphios 
in  1705.  It  long  headed  the  list  of  rarities  desired  by  Cuvier,  bot 
that  illustrious  naturalist  unfortunately  died  three  days  before  the 
publication,  in  1832,  of  Professor  Owen's  elaborate  memoir  *  based 
on  the  study  of  a  specimen,  caught  by  his  former  pupil,  Dr.  Bennett, 
when  drifting  on  the  surface  of  the  South  Pacific  Ocean,  off  one  of 
the  New  Hebrides  Islands.  A  living  specimen  was  also  dredged 
in  800  fathoms  during  the  cruise  of  the  "Challenger,*'  near  the 
Windward  Islands.*  The  shell  of  the  Nautilus  is  divided  by  shelly 
partitions  or  septa  into  many  cells  or  chambers,  which  are  connected 
by  a  siphunole,  or  tube,  centrally  situated.  The  animal  inhabits  the 
last  and  most  spacious  chamber,  and  has  the  power  of  forming  a 
fresh  one  when  necessary.     Each  chamber  was  thus  occupied  in 

'  Remaraues  au  sujet  de  la  faune  des  ilea  Saint  Paul  et  Amsterdam,  etc.     Charlei 
V^ain,  Pans,  1878.    8to. 

*  **  Head-footed  Mollusca,'*  from  K*<t>a\^  *  head  *  and  irovs  *  foot.' 

*  See  also  Baron  Cuvier's  Anatomie  des  Mollusques  for  details  of  the  structure 
of  the  Dibranehtata, 

^^       *  On  the  Pearly  Nautilus.    Richard  Owen.    London,  1832.    4to. 
^^    *  Proceedings  Koyal  Society,  1874. 
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snooession.  The  funotions  of  the  siphanole  have  been  variously 
interpreted.  First  by  Dr.  Hooke,  in  1696,  as  serving  to  admit  water 
to  the  aerial  chambers  when  the  animal  was  desirous  of  sinking  to  the 
bottom  of  the  sea.  The  difficulty  attendant  on  the  expulsion  of  the 
i^ater,  and  the  re-admission  of  air  in  the  ocean  depths,  was  solved  by 
supposing  the  Nautilus  to  be  gifted  with  the  power  of  secreting  an 
aerial  fluid  at  will.  But,  the  fact  that  the  siphuncle  only  pierces  the 
septa,  and  has  no  connexion  with  the  aerial  chambers,  renders  this 
theory  unacceptable.  Dr.  Buckland  ^  held  that  the  siphuncle  com- 
municated with  the  pericardium,  and  received  a  fluid  contained 
therein  when  the  creature  was  desirous  of  altering  the  specific 
gravity  of  the  sheU  in  oider  to  sink  beneath  the  waves.  According 
to  Prof.  Keferstein,*  of  Qottingen,  the  Nautilus  periodically  secretes 
an  aerial  gas  from  the  base  of  its  mantle,  which  is  prevented  from 
oommunicating  with  the  sea  water  by  a  special  structure,  and  the 
gas  thus  generated  causes  the  animal  to  move  upwards  in  its  shell, 
and  supports  its  weight  when  the  construction  of  a  new  chamber  is 
necessary,  the  shell  muscles  advancing  gradually  and  not  being 
abruptly  ruptured  as  supposed  by  D*Orbigny.  The  air  thus  secreted 
Is  then  inclosed  by  a  nacreous  deposit  from  the  mantle,  and  a  new 
aerial  chamber  is  completed.  M.  Barrande,  who  has  treated  the 
subject  of  the  functions  of  the  siphuncle,  and  the  progression  of  the 
mollusc  in  the  water,  in  a  most  impartial  and  exhaustive  manner, 
in  his  magnificent  memoirs  on  the  Paladozoic  Cephalopoda,'  considers 
the  enforced  periodic  rests,  imposed  on  the  creature  by  Prof.  Eeferstein 
immediately  after  the  formation  of  a  new  chamber,  to  be  irreooncil- 
able  with  the  free  liberty  of  movement  enjoyed  by  the  other  members 
of  the  cephalopodous  class,  and  obviates  this  necessity  by  assuming 
that  the  surface  of  the  mantle  endowed  with  the  power  of  exhaling 
the  aerifid  gas  is  also  capable  of  re-absorbing  it,  and  thus  the  ascent 
and  descent  of  the  Nautilus  in  the  water  is  entirely  under  the  control 
of  the  will  of  the  animal. 

Some  authors,  however,  maintain  that  the  movement  of  the  animal 
in  or  out  of  the  shell  was  sufficient  to  facilitate  its  progression  in 
the  water,  and  regard,  the  siphuncle  as  serving  either  to  attach  the 
animal  to  its  protective  covering,  or  to  insure  the  repair  and  vitality 
of  the  whole  of  the  shell,  and  a  few,  as  destined  merely  for  the 
reception  and  development  of  the  eggs.  Others  believe  that  the 
Nautili  live  habitually  at  the  bottom  of  the  sea,  being  only  driven  to 
the  surface  during  storms,  or  when  in  a  dying  condition ;  an  argument 
that  is  supported  by  the  faot  that  their  chief  food  appears  to  consist 
of  the  hairy  non-swimming  brachyurous  crabs  which  live  always  on 
the  ocean  floor.  Among  those  holding  this  view,  and  therefore 
recognizing  no  necessity  for  the  ingenious  theories  of  Professor 
Keferstein,  and  M.  Barrande,  Dr.  Henry  Woodward  deserves  especial 

1  Bridgewater  Treatiie.    Geology.    1836. 

'  Bronn's  Klaaaen  a.  Ordnnngen  d.  Thierreicli,  III.,  Malaoozoa,  2te  Abtheil., 
p.  1344. 

*  STst^me  Silurien  do  la  BohAme,  toL  ii.  texte,  t.  pp.  962  and  1236.  Joachim 
Barrande.    Prague,  1877. 
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mention '  for  the  lucidity  with  which  he  has  expressed  his  opinioDi 
in  an  iuteFestiug  paper  ''On  the  Structure  of  Caxnerated  Shells," 
published  in  the  Popular  Science  Review  in  1872.*  He  there  con- 
tends that  the  Nautili  do  not  swim,  but  are  sluggish  crawling 
animals,  and  bottom-feeders,  and  consequently  do  not  require  buoyant 
shells  furnished  with  air-cells,  if  indeed  the  so-called  aerial  chaniben 
could  act  as  such,  liable  as  they  would  be  to  become  partially  filled 
with  sea-water,  which  must  undoubtedly  penetrate  by  endocunoeii 
through  the  pores.  He  denies  the  possibility  of  the  siph uncle  main- 
taining the  vitality  of  the  shell,  because  it  is  certainly  a  non-vaficnlar 
structure,  and  there  is  no  connexion  between  it  and  those  portiooB  of 
the  shell  which  lie  in  contact  with  the  mantle,  the  sole  shell-secreting 
organ  in  the  Mollusca.  The  divisional  septa  are  regarded  as  indica- 
tions of  periodical,  natural,  and  reproductive  growth,^  and  as  possibly 
serving  '*  to  shut  off  the  discarded  and  untenantable  "  parts  of  tbe 
shell ;  and  he  regards  the  siphuncle  as  the  remnant  of  a  rudimen- 
tary or  embryonic  organ,  which  attached  the  animal  to  the  shell  in 
its  earliest  stages,  a  function  that  would  well  accord  with  the  ex- 
istence of  enormous  siphuncles  in  some  of  the  most  ancient  fossil 
forms  when  the  embryonic  conditions  were  probably  retained  during 
life.  A  somewhat  similar  camerated,  or  chambered,  structure  exists 
in  many  Gasteropods  (Helix,  Euomphalut,  etc.),  and  also  in  aged 
oysters  and  other  bivalves,  while  in  some  corals  a  central  tube  is 
visible  with  radiating  septa  or  partitions.  Dr.  Woodward  therefore 
does  not  admit  the  organization  of  the  chambered  shells  of  the 
Cephalopoda  to  be  an  entirely  exclusive  structure,  but  considers  it 
as  only  a  modification  of  the  shell-structure  found  in  other  mollusca. 
The  parrot-like  jaws  of  the  recent  Nautilus  are  blunt  and  calcareous 
at  their  tips,  and  similar  beaks,  called  Bhyncholites,  formerly  regarded 
as  those  of  fossil  birds,  occur  in  all  strata  associated  witli  the  fossil 
Tetrabranchs,  and  are  now  referred  to  extinct  species.  **The  digita- 
tions,  or  lateral  processes,"  thirty -eight  in  number,  are  retractable 
into  eight  sheaths,  corresponding  to  the  eight  ordinary  arms  of  the 
cuttles.  The  two  dorsal  arms  unite  to  form  the  hood  which  serves 
to  close  the  opening  at  the  mouth  of  the  shell.  All  these  numerous 
arms  are  unprovided  with  suckers.    There  are  four  gills  or  branchiae, 

*  My  attention  has  been  called  by  Dr.  H.  Woodward  to  a  valuable  contnbation 
to  thissubject  by  Profewsor  11.  Govier  Seeley,  F.G.S.,  in  the  report  of  the  British 
Association  for  tlic  Advancement  of  Science,  1864,  Bath,  Transactions  of  Sei'tions, 
p.  100,  entitled  "On  the  Significance  of  the  Septa  and  Siphuncles  of  Cephalopod 
Shells;"  see  also  the  Quart.  Journal  of  Science,  October,  1864. 

*  British  Association  Reports,  Liverpool,  1870,  Transactions  of  Sections.  Tttpulv 
Science  Hevietc,  1872.     See  also  Note  at  the  end  of  the  present  article,  p.  499. 

•*  On  my  recently  calling  the  attention  of  Prof.  James  Hall,  LL.D.,  to  these  vicirs 
as  to  the  significance  of  the  septa  in  the  chambered  Cephalopods,  that  distinguished 
American  palajoutologist,  whilst  fully  admitting  the  force  of  the  hypothesis  of  their 
production  by  those  natural  causes,  suggested  that  the  fact  of  the  septa  being  com- 
posed  uf  three  distinct  layers  of  shcll-suostance,  viz.  an  outer  nacreous  one,  an  iuD<:r 
porcellanous  one,  and  a  third  external  nacreous  deposit,  could  hardly  thus  be  ac- 
counted for.  As  both  the  external  surfaces  were  smoothed  and  polished,  appanntly 
by  the  application  of  some  part  of  the  body  of  the  animal,  it  was  further  difficult 
to  conceive  how  access  was  obtained  to  the  outer  surface  of  the  lost  formed  septa 
after  the  animal  had  once  partitioned  off  its  body  in  the  manner  supposed. 
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and  the  circulatory  and  respiratory  apparatus  is  less  highly  developed 
than  in  the  succeeding  dibranchiate  forms.  The  digestive  system 
is,  however,  similar,  consisting  of  a  crop  and  a  gizzard,  resembling 
that  of  the  common  fowL  The  curious  fossil  plates  called  Aptychi, 
now  known  as  the  opercula,  or  defensive  covering  to  the  aperture  of 
the  body-chamber  of  the  shell,  of  the  extinct  family  of  Ammonites, 
"were  at  one  time  considered  to  be  the  fossil  gizzards  of  Gephalopods. 
They  were  also  described  as  bivalve  shells,  but  the  discovery  of  an 
Ammonite  in  which  they  were  revealed  in  situ,  filling  up  the  opening 
of  the  shell,  sufficiently  indicated  their  true  nature.^  The  Nautilus 
carries  its  shell  snail-fashion  when  crawling,  by  means  of  its  many 
feet,  head-downwards,  at  the  bottom  of  the  sea.  The  specimen  kept 
alive  for  a  few  hours  on  board  the  Challenger,  propelled  itself  back- 
"wards  and  forwards  by  the  expulsion  of  water  from  the  funnel,  after 
the  fashion  of  the  Octopods. 

The  Nautilus  is  the  sole  *'  persistent  type ''  among  all  the  varied 
forms  of  the  Cephalopods,  that  is  to  say,  it  forms  the  only  genus 
"which  has  been  represented  in  all  geological  ages  since  the  deposi- 
tion of  the  primsBVfid  Silurian  rocks.  The  genus  underwent  some 
strange  vicissitudes.  One  of  the  twelve  primitive  cephalopodous 
types,  it  was  represented  by  twelve  species  in  the  Lower  Silurian 
seas,  these  decreased  to  ten  in  the  succeeding  Upper  Silurian  epoch, 
and  to  eight  in  the  overlying  Devonian.  No  less  than  eighty-four 
species  swarmed  in  the  Carboniferous  seas,  evidently  most  favour- 
able to  their  development  Of  these,  all  save  five  were  extinguished 
during  the  deposition  of  the  Permian  rocks,  a  period  of  the  world's 
history  when  life  was,  comparatively  speaking,  not  so  abundant  in 
the  waters  of  the  earth ;  or  when  perhaps  (speaking  more  correctly) 
the  sedimentary  deposits  were  less  favourable  to  the  preservation  of 
tlie  organisms  entombed  within  their  now  highly-altered  strata. 
Forty-seven  species  re-appeared  in  the  Triassic  and  Jurassic  forma- 
tions, while  during  the  Cretaceous  epoch  the  Nautili  attained  their 
second  maximum  point  of  development,  63  species  being  recorded 
from  those  deposits.  These  again  declined  to  15  in  the  Tertiaries, 
and  to  three'  in  the  existing  oceans.'  Truly  of  most  ancient  lineage, 
a  contemporary  of  some  of  the  earliest  forms  of  life,  the  Nautilus 
has  been  a  witness  of  many  successive  changes  in  the  physical 
features  of  the  world,  and  surviving  the  unknown  causes  so  fatal  to 
all  the  other  members  of  its  vace  at  the  close  of  the  Cretaceous 
period,  has  held  its  own  in  the  battle  of  life,  and  now  forms  one  of 
the  most  curious  and  interesting  of  the  living  wonders  of  the  deep. 

Twenty-five  genera  of  fossil  Tetrabranchiates  were  represented  in 
the  Palaeozoic  seas.  Twelve  of  these  were  primitive  cosmopolitan 
types,  and  occur  in  beds  at  the  base  of  the  Lower  Silurian  formation 

^  See  paper  by  Dr.  8.  P.  Woodward  on  an  Ammonite  from  the  Inferior  Oolite 
with  the  opercolum  in  titu,  "  Geologist,"  yol.  iii.  1860,  p.  328. 

'  Ab  the  broad-monthed  NatUilus  pompilinu  ia  the  female,  it  is  highly  probable 
that  the  N,  umbiiieutut  ia  the  male  of  the  same  species.  Amonff  Ammomtes  both 
tumid  and  flattened  forms  have  been  observed  in  most  species.  See  **  Woodward's 
Manual  of  the  Mollusca,"  p.  83. 

'  C^phalopodes,  Etudes  G^n^rales.    J.  Barrande.    1877.    Table  1,  p.  84. 
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in  all  parts  of  the  world.  These  primitive  types  are,  howeTer,  widely 
divergent,  comprising  the  NatUilua,  the  curved  Cj^loceras,  the  stni^ 
shelleil  OrthoceroB  and  EndoceroB,  the  club-shaped  Gomphocera$,  and 
the  simply-coiled  lAtuiiea.     Some  of  these  generic  forms  enjoyed  i 
very  brief  existence,  and  after  becoming  specifically  namerons.  died 
out  almost  as  suddenly  as  they  appeared.      The  Orihoceraiiie$  wen 
certainly,  among  the  moUusca,  the  giant  rulers  of  those  ancient  seai, 
and  many  attained  large  dimensions,  measuring  ten  or  twelve  feet 
in  length.     One  American  species,  truly  an  OrthoceroM  Tifas,^  esti* 
mated  by  Dr.  J.  S.  Newberry  as  weighing  *'  some  tons,"  must  hive 
fairly  rivalled  the  fabled  living  "  Kraken/'  endowed  by  the  older 
naturalists  with  the  power  of  sinking  a  ship  seized  in  the  clutches 
of  their  snake-like  arms.    The  shell  of  Orthoceras  is  straight,  and  the 
septa  of  the  vertical  chambers,  pierced  by  a  nearly  central  siphnnde. 
are  simple  at  their  edges,  like  those  of  Nautilus.     The  last  chamber 
seems  comparatively  small  for  the  occupation  of  an  animal  capaUe 
of  sustaining  and  directing  such  an  enormous  shell,  and  it  has  been 
suggested  that  the  shell  was  internal  as  in  the  living  cuttles  and  the 
extinct  Belemnitea,    This  view,  which  is  not  generally  entertained, 
was  considered  by  the  late  Dr.  S.  P.  Woodward*  to  be  untenable  on 
the  grounds  that  in  some  specimens  the  exterior  colour-bands  appeir 
to  have  been  preserved  on  the  outer  surface  of  the  shell,  and  thus 
prove  it  to  have  occupied  an  external  position.     There  were  260' 
species  of  Orthoceras  in  the  Lower  Silurian  rocks,  a  number  which 
increased  to  ()26  in  the  Upper  Silurian  seas,  when  the  life-conditions 
were  very  suitable.    They  declined  rapidly  in  the  succeeding  Palaeo- 
zoic epochs,  and  were  represented  only  by  fourteen  dwarfed  forms 
in  the  Triassic  deposits,  the  dawn  of  the  great  Secondary  life-period 
of  geologic  history.      In  the  curved   and  elegant    CyrtocerM.  the 
increase  from  90  specific  forms  in  the  Lower  Silurian  rocks  to  299  in 
the  upper  beds  is  even  still  more  remarkable,  and  affords  an  idea  of 
the  enormous  duration  of  time  that  must  have  elapsed  during  the 
deposition  of  that  early  fossiliferous  series.     Only  one  species  of  the 
genus  survived  in  the  Permian  era. 

In  the  coiled  Ooniatites  of  the  Upper  Silurian  beds  we  have  the 
first  indications  of  that  ornamentation  of  the  edges  of  the  chambers, 
which  subsequently  became  such  a  marked  and  beautiful  feature  in 
the  numerous  family  of  the  Ammonites  which  ranged  in  Europe  from 
tho  Trias  to  the  Chalk,  and  of  which  there  are  several  hundred 
known  species.  Some  specimens  found  in  the  Carboniferous  rocks 
of  India  must  have  been  contemporary  with  the  Ooniatites,  a  fact 
that  is  not  without  interest  when  the  theory  of  the  evolution  of  the 
class  comes  to  be  considered.  Ammonites  have  also  been  obtained 
from  the  Oolitic  deposits  in  the  passes  of  the  Himalayas  at  a  height 
of  over  16,000  feet  above  the  level  of  the  sea,  and  afford  a  striking 
instance  of  variations  in  the  physical  configuration  of  the  world,  for 
it  is  obvious  that  when  they  lived  and  died  the  Himalayas  were  not, 
and  similar  palseontological  data  prove  that  those  snow-dad  moun- 

^  State  Koports  of  the  Geology  of  Ohio. — Folseontology,  toI.  i.  p.  263. 

*  Manual  of  the  MoUusca.    2nd  edition,  1868.    S.  P.  Woodward. 

*  Barrandc,  ibid. 
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nin  peaks  were  not  upheaved  until  a  comparatively  reoent  period. 
?he  body-chamber  of  the  Ammonite  seemed  to  be  so  small  in  pro- 
lortion  to  that  of  the  Nautilus  that  Dr.  Oray'  was  led  to  conclude 
hat  the  shell  was  not  inhabited  by  the  animal,  but  was  internal,  re- 
embling  that  of  the  existing  Spirifa,  The  fact  is,  the  last  chamber 
B  rarely  preserved  in  an  unbroken  condition,  there  being,  of  course, 
\o  8epta  to  strengthen  the  walls  of  this  last  part  of  the  shell,  which  is 
D  consequence  usually  crushed  and  flattened.  But  occasionally  the 
Qterior,  discoloured  by  the  decomposition  of  animal  matter,  furnishes 
ndispntable  evidence  that  the  creature  inhabited  it  during  life,  and 
Tas  buried  in  it  after  death.'  The  siphuncle  is  next  the  keel,  and  the 
dges  of  the  septa,  where  they  unite  with  the  shell-wall,  are  beauti- 
ully  foliated  in  various  patterns  peculiar  to  the  respective  groups. 
This  foliation  is  very  remarkable  in  some  species,  and  is  visible  in 
11  when  the  outer  surface  of  the  shell  is  removed.  As  in  all  these 
ossil  genera,  the  classification  of  the  Ammonitida  is  necessarily  based 
•n  the  characters  of  the  shell  alone.  There  are  sixteen  type-groups, 
ach  of  which  characterizes  a  certain  horizon,  and  the  presence 
f  a  member  of  a  group  in  any  deposit  denotes  it49  position 
D  the  geological  series.  In  the  Liassic  formation  even  species  of 
Ammonites  are  said  to  be  restricted  to  a  certain  horizon,  and  never 
0  occur  out  of  it ;  ^  a  knowledge  of  the  limits  of  these  groups  is 
herefore  of  great  service  to  the  seekers  for  any  of  the  rich 
Qdustrial  products  for  which  that  formation  is  so  noted.  Thus, 
Ithough  the  rich  ironstone  bands  occur  only  in  the  zone  of  Ammonites 
pinatuSf  many  useless  searches  for  iron  were  formerly  made  in  the 
»eds  characterized  by  Ammonites  annulatuSf  the  outward  appearances 
f  the  strata  being  identical.  Again,  the  familiar  Ammonites  com- 
lunis  is  found  only  in  the  alum  shale,  and  Ammonites  serpentinus  in 
he  jet-bearing  rocks.  The  numerous  representatives  of  this  *most 
xtensive  genus  were  originally  grouped  in  sections  or  families,  a 
'ery  artificial  mode  of  division.  The  far  more  consistent  method, 
irst  inaugurated  by  Continental  paleontologists,  of  assigning  generic 
lames  to  the  various  series  of  characteristic  species,  is  now,  however, 
•ecoming  generally  adopted  in  England.  The  interesting  family  of 
he  AmmonitidoB  reached  its  maximum  in  the  Jurassic  epoch ;  it  was, 
Lowever,  numerously  represented  in  the  Cretaceous  seas,  and  some 
pecimens  attained  large  size,  measuring  over  three  feet  in  diameter. 
)n  their  total  extinction  at  the  close  of  the  Chalk  period,  they  can  by 
10  means  be  regarded  as  an  effete  race,  for  several  varied  types,  such 
s  Turrilites,  Scaphites,  and  EanUtes,  etc.,  made  their  appearance  in 
he  Cretaceous  epoch,  but,  enjoying  a  very  restricted  range,  died  out 

*  Post-Eocene  Period. 

*  Ann.  and  Mag.  Natural  History,  1845,  vol.  xt.  pp.  2o7  and  444. 

*  Specimens  of  A.  keterophi/ilus  and  of  A,  p^rartnatuty  and  many  other  species, 
reserved  in  the  British  Musenm,  show  the  body-chamber  to  have  been  of  very  large 
xtent.— H.  W. 

^  This  conclusion,  however ,  so  contrary  to  all  known  zoological  laws  regulating 
lie  distribution  of  life  in  time  and  space,  may  well  be  received  with  great  caution, 
ven  when  given  on  high  authority  and  apparently  borne  out  by  many  and  wide- 
pread  facts. — H.  W. 
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almost  as  suddenly  as  some  of  the  more  ancient  members  of  tbit 
tetrabranchiate  group,  of  which  they  were  nearly  the  last  repretenla- 
tiyes. 

In  the  more  highly  organist,  but,  geologpcallj  speaking,  moden 
class  of  dibranchiate,  or  two-gilled  Cephalopoda,  the  shell  is  inteniL 
and  rudimentary  in  the  Octopoda,  either  homy  as  in  the  sqaids.  or 
calcareous  and  laminated  as  in  the  cuttles.  In  these  ''naked" forD& 
respiration  is  effected  by  means  of  two  gills  instead  of  four.  Tbe 
dibranchs  arc  active  free-swimming  animals  possessing  super-sddec 
branchial  hearts,  and,  therefore,  a  more  complex  and  vigorou 
circulatory  system,  which  gives  them  increased  powers  of  locomotioiL 
The  ink-bag  is  always  present  more  or  less  developed,  and  its 
preservation  in  a  fossil  state  is  regarded  by  Professor  Owen  as  centii 
evidence  of  the  existence  of  forms  unprotected  by  an  external 
defensive  shell.  The  parrot-like  mandibles  are  homy,  and  are  quite 
hidden  from  view  at  the  base  of  the  web  uniting  the  arms  to  the 
body.  In  the  Octopoda,  or  eiglit-armed  species,  it  is  importaDt  to 
remember,  they  form  the  only  portions  of  the  animal  susceptible  of 
preservation  in  sedimentary  strata.  In  the  cuttles,  the  two  long 
additional  tentacular  arms  are  retractible,  and  are  only  extended 
when  the  animal  is  capturing  its  living  prey,  or  in  the  act  of  dissolu- 
tion. In  some  species  of  the  Calamaries  or  squids,  they  are  rendered 
still  more  formidable  weapons  of  offence  and  defence  by  the  addition 
of  a  double  series  of  homy  hooks  attached  to  the  club-like  ends  of 
the  tentacles.  In  the  anomalous  genus  Argonaut,  or  Paper  Nautilc^ 
tbe  Nnvtilus  j)rimM«  of  Aristotle,  the  position  of  the  one-celled  shell 
is  exieriuiL^  It  is,  however,  believed  to  be  peculiar  to  the  female, 
and,  not  being  attached  to  the  animal  by  shell-muscles,  is  considervi 
as  serving  more  probably  for  the  protection  and  incubation  of  tlie 
eggs.  Two  species  of  this  genus  occur,  fossil,  in  later  Tertiary 
deposits.  In  Spindaj  again,  the  shell,  though  internal,  is  many- 
chambered  and  sipliunculated.  Dead  shells  of  this  genus  al)ound  in 
the  warmer  seas,  but  the  animal  has  been  but  rarely  obtainni, 
except  in  a  more  or  less  fragmentary  condition.  Specimens  were 
fortunately  procured  during  the  cruise  of  the  "  Challenger,"  and  will 
receive  a  detailed  description  from  Professor  Huxley.  Spinila  is  an 
exceptional  form  that  may  possibly  be  found  to  possess  characters 
uniting  the  dibranchiates  to  their  more  lowly  organized  predecessors, 
and  will,  at  any  rate,  throw  additional  light  on  the  structure  of  the 
fossil  members  of  the  order  to  which,  from  the  presence  of  an  ink- 
bag,  it  was  originally  referred  by  Professor  Owen.' 

Of  the  existence  of  this  highly-organized  class  of  Cephalopods 
prior  to  the  Secondary  jwriod,  we  have  purely  negative  evidence. 
If  any  of  their  forms  inhabited  the  Palceozoic  seas,  they  have  left  no 
certain  traces  for  the  instruction  of  the  naturalists      The  earliest 

1  This  must  be  understood  in  a  modified  sense.  Tbe  fact  is  tbe  two  broadk- 
expanded  fKbell-.'»et'rotinjr '")  dorsal  arms  (fijrured  as  "  sails "  in  tbe  nllegt»ri(-al 
representations  of  tbe  "  Argonaut ")  cloaely  envelope  tbe  sbell  on  either  side,  ^o  th:it 
in  tbe  lifetime  of  tbe  animal  the  sbell  is  almost,  if  not  wbolh',  concealed ;  wbereas 
Uie  animal  can  but  partially  conceal  itself  witbin  tbe  sbell. — H.  W. 

s  Voyage  of  H.M.S.  Samarang  (Zoolog}),  pp.  6-17,  pi.  4.    4to.     1S48. 
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known  appearance  of  the  group  is  in  the  Trias,  when  the  extinct 
family  of  Belemniies,  which  subsequently  became  such  a  marked 
feature  in  the  Jurassic  seas,  was  first  represented  by  a  few  forms 
-which  were  the  contemporaries  of  the  last  surviving  members  of  the 
once  powerful  race  of  Orihocerata.  These  apparently  primitive 
Selemnitea  lived  in  the  shallow  seas  in  which  were  deposited  the 
St  Cassian  beds  of  geologists  (situated  in  the  Austrian  Alps),  so 
fiimous  for  the  admixture  of  PalaBOzoio  and  Secondary  types,  and 
as  serving  to  indicate  the  absolute  continuity  of  the  geological 
series.  Of  the  now  numerous  family  of  Octopods,  we  have  no 
trace  in  a  fossil  state,  although,  as  already  stated,  their  homy 
mandibles  are  susceptible  of  preservation.  Beaks,  of  a  similar 
homy  texture,  occur  in  rocks  of  Secondary  and  Tertiary  age ;  but 
their  size  and  shape  is  suggestive  of  their  belonging  either  to  the 
fossil  cuttles  and  squids,  or  to  their  extinct  allies,  the  BelemnittdcBf 
i¥hose  remains  are  associated  with  them  in  the  same  strata.  The 
inference  that  giant  naked  Cephalopods  existed  in  the  Palaeozoic  seas 
-with  calcareous  jaws,  is,  of  course,  a  purely  speculative  one.  The 
distribution  of  itie  trae  cuttles  (the  Septada}  is  universal  in  the 
existing  oceans.  Remains  of  the  family  are  preserved  in  the  Lias 
Oxford  clay,  other  Oolitic  deposits,  and  in  the  Tertiaries.  The 
living  Teuthidaf  the  Calamaries,  or  squids,  are  also  widely  dis- 
tributed. They  are  found  fossil  in  ihe  Upper  Liassic,  Oolitic, 
Cretaceous,  and  Tertiary  formations. 

The  history  of  the  organization  of  the  fossils  comprising  the 
remaining  dibranchiate  family,  the  now  wholly  extinct  Belemnitidaf 
i¥as  long  involved  in  mystery.  Specimens  of  the  remarkable  genus, 
SelemnotetUhia,  were  preserved  in  a  marvellously  perfect  manner 
in  the  Oxford  clay,  at  Chippenham,  in  Wiltshire,  the  mantle, 
fins,  eye  sockets,  beaks,  and  tentacles  being  all  entombed  in  juxta- 
position. The  internal,  vertically  chambered,  partly  calcareous 
skeleton,  is  attached  to  a  homy  pointed  guard,  resembling  the 
feimiliar  '*  thunder-bolt "  of  our  childhood.  The  .animal  was  indeed 
first  described  by  Professor  Owen,^  in  1844,  as  that  of  the  true 
Selemnite;  but  it  is  now  considered  as  being  more  allied  to  the 
Calamaries,  especially  to  the  genus  Onychoteuthis,  now  existing  in 
the  Indian  Ocean,  the  tentacles  in  both  forms  being  armed  with  a 
double  series  of  formidable  homy  hooks.  Dr.  Mantell '  first  showed 
that  this  curious  fossil  possessed  some  points  of  internal  structure 
that  could  not  have  been  associated  with,  or  fitted  into,  the  horny 
guards  forming  the  apex  of  the  chambered  skeleton  of  the  Belemnite, 
and  the  affinities  of  BelemnotetUhis  were  then  recognized  as  being 
with  the  Calamaries ;  but  Professor  -Owen  still  maintains  that  it 
illustrates  the  dose  connexion  existing  between  the  two  groups  of 
organisms.  Indeed,  the  BeHemnitidce  may  be  fairly  regarded  merely 
as  an  extinct  branch  of  the  Squid  family.  The  presence  of  an 
ink-bag  and  ten  arms  in  the  animal  to  which  the  appendage  known 
as  the  Belemniie  belonged,  was  first  suspected  by  Dr.  Buckland ; ' 

^  Phil.  TranB.,  1844.    On  the  animal  of  Belemnite. 

3  Phil.  Trans.,  1848  and  1850.  *  Bridgewater  Treatiae,  1836. 


496      J/iM  Agne9  Crane — Recent  and  Fasml  Cephahpoda. 

but,  it  was  not  until  the  description  by  Professor  Huxley '  of  n 
interesting  fossil  from  the  Ammanitei  obtusus  zone  of  the  Lovq 
Lias,  near  Charmouth,  in  Dorset,  in  which  the  parts  of  the  interaal 
stnicture  known  respectiTcly  as  the  pointed  guard,  the  phragmocone. 
or  chambered  portion,  and  the  nacreous  pro-ostracum  were  foimd 
in  Situ  with  indications  of  an  ink-bag.  and  tentacles  armed  wi& 
homy  hooks  one-sixth  of  an  inch  long,  that  the  anatomical  details  of 
the  genns  Belemniies,  as  distinct  from  that  of  Belenmoieuthu,  mn 
at  length  finally  and  satisfactorily  established. 

So  far,  it  is  obvious,  that  there  are  two  distinct  types  of  Cepbalo- 
pods.  One.  with  an  external  chambered  shell,  simply  constmded 
eyes,  fnnr  gills,  no  suckers,  and  no  ink-bag,  very  abundantly  repre- 
sented in  the  ancient  seas,  and  those  of  the  middle  geologic  epodi, 
and  of  which  one  genus  only  survives  at  the  present  day.  The 
other,  possessing  an  internal  shell,  two  gills,  tentacles  armed  with 
suckers,  and  sometimes  hooks,  an  ink-bag,  and  perfect  organs  of 
vision,  appeared  first  in  the  Triassic  period,  was  largely  developed 
in  the  Jurassic  seas,  and  predominates  in  the  existing  oceaitf. 
Wlicn  the  ancient  tetrabranchs  were  the  rulers  of  the  seas  duriiif; 
the  "  reign  of  Molluscs,"  the  Gasteropodous  class  was  represented 
chiefly  by  the  lowest  organized  herbivorous  forms,  the  camivoioiK 
snails,  etc.,  not  making  their  appearance  untQ  the  Secondary  epoch, 
when  they  became  the  contemporaries  of  the  dibranchiate  Cephalo- 
pods.  In  past  ages  the  Tetrabranchs  probably  performed  the  o£Bce 
of  restricting  the  undue  increase  of  the  co-existing  Crustaceans  and 
Mollusca,  and  possibly  their  own  numerical  abundance  was  in  tiun 
influenced  by  the  appearance  and  development  in  Devonian  and 
Carboniferous  times  of  the  formidable  armour-plated  fishes.  In  the 
Secondary  period,  the  dibmnchiates  served  as  food  for  the  extinct 
Enaliosaurians,  or  Sea-lizards,  as  in  the  present  day,  for  the  pre- 
dacious fishes,  penguins,  and  other  sea-birds,  some  S])ecie8  of  cef acea. 
and,  in  a  few  countries,  even  for  man.'  Thus,  both  groups  fulfilled 
their  functions  in  the  economy  of  nature,  and  the  balance  of  power 
was  maintained.  Of  all  the  vast  families  of  NautiJid€e,  GoniatidOy 
and  AmmonitidcR,  the  long-lived  Nautilvs  alone  survives.  Whether 
the  increase  of  the  more  highly  organized  group  affected  the  further 
development  of  the  lower  forms,  cannot  positively  be  affirmed  ;  Imt 
it  is  certain  that  the  causes  which  led  to  the  extinction  of  the 
Tetrahranchiafea  (with  the  exception  aforesaid),  at  the  close  of  the 
Cretaceous  epoch,  had '  no  influence  whatever  upon  the  more  highly 
organized  forms,  which  persisted  through  the  Tertiaries,  and  abouud 
in  the  existing  oceans. 

There  remains  but  to  consider  the  evidence  of  the  Cephalopods 
with  regard  to  the  theory  of  Evolution,  a  subject  on  which  opinions 
are  naturally  very  diverse.     The  existence  of  a  certain  amount  of 

1  Mem.  Geological  Survey,  Monograph  II.,  1864. 

'  Octcipods,  cuttles,  and  stpiids  were  highly  esteemed  as  epicurean  daiuries  in 
ancient  Home,  and  the  fonncr  are  now  largely  consumed  as  Uxtd  in  the  stM-coi*t 
'^'^wns  of  France  and  Italv.  While  according  to  Dr.  Macdonald  the  l*early  Nautilus 
jregarded  as  an  agreeable  viand  by  the  inhabitants  of  the  Feejee  Idunds ! 
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pTOgressive  developmeDt  in  the  history  of  the  olasSi  so  far  as  relates 
to  the  first  appearance  of  the  lowest  forms  in  the  primeval  oceans, 
and  to  the  succession  of  that  more  highly  developed  group,  which 
mainly  represents  the  order  at  the  present  day,  cannot  reasonably 
be  denied.  The  occurrence  of  certain  comprehensive  types,  uniting 
ohaiacters  which  subsequently  became  distinctive  peculiarities  of 
diverse  genera,  must  also  be  admitted.  Thus,  as  Professor  Owen  * 
has  shown,  in  the  BeUmniiidm  are  united  the  internal  chambered 
and  siphunculated  structure  retained  solely  in  the  existing  Spirtda, 
"while  the  homy  armature  of  the  tentacles  is  at  present  restricted  to 
one  genus  of  the  living  Calamaries,  but  he  does  not  fail  to  point 
out  that  the  perfect  preservation  of  the  fossil  forms  has  revealed  the 
ftct  that  the  armature  of  the  Secondary  Gephalopods  was  as  highly 
organised  as  that  of  any  of  the  species  inhabiting  our  present  seas, 
and  is  not,  therefore,  indicative  of  any  great  rate  of  progression,  not- 
withstanding the  enormous  intervals  of  time  that  must  have  elapsed 
between  the  Secondary  and  the  Becent  period.  Again,  according  to 
Sir  Charles  Lyell,*  "  The  rate  of  progression  has  been  slow  indeed,  if 
the  only  step  realized  between  the  Lower  Silurian  and  modem  times 
can  be  expressed  by  the  passage  from  the  tetrabranchiate  to  the  di- 
branchiate  Cephalopod,  a  rate  of  progress  that  might  require  a  course 
of  ages  anterior  to  the  Silurian  epoch,  as  great  as  that  ^diich  has  since 
elapsed  in  order  to  bring  about  a  gradual  evolution  from  a  Bryozoon 
to  an  Orthoceras."  The  important  testimony  of  M.  Joachim  Bar- 
rande,'  founded  on  a  special  and  extended  survey  of  more  than  2,500 
Palaeozoic  species,  is  also  directly  opposed  to  the  theory  that  one  form 
has  been  evolved  from  another.  That  illustrious  palsdontologist,  who, 
from  his  vast  labours  among  the  Paheozoic  rocks  of  Central  Germany, 
may  be  fitly  entitled  the  "Murchison  of  Bohemia,"  contends  that 
the  recent  Nautilus  possesses  the  same  essential  characters  as  the 
earliest  known  forms  so  universally  distributed  at  the  base  of  the 
Lower  Silurian  formation,^  that  a  detailed  examination  of  the  struc- 
ture of  the  Tetrabranchiate  Cephalopods,  whether  as  applied  to  the 
position  and  diameter  of  the  syphon,  the  size,  composition  and 
omamentative  characters  of  the  shell,  furnishes  no  evidence  in 
eupport  of  the  theories  of  descent  by  modification,  natural  selection, 
or  the  survival  of  the  fittest;  and  further,  that  the  stability  of 
generic  types,  and  the  distribution  of  the  group  in  geological  time, 
is  equally  opposed  to  them.  The  complex  forms,  moreover,  often 
precede  the  simpler  ones,  while  those  which  appear  to  be  inter- 
mediate follow  the  genera  which  they  might  otherwise  be  supposed 
to  connect  It  must,  however,  be  noted  that  the  arguments  as  to 
the  relative  simplicity,  or  complexity,  of  structure,  are  founded 

»  PhU.  Trans.,  1844. 

•  Principles  of  Geology,  vol.  i.  p.  160,  ed.  1872. 

*  Etudes  Gtfn^rales,  etc.,  Barrande. 

^  It  most  always  be  borae  in  mind,  when  arguing  from  these  early  fossil  molluscan 
remains,  that  we  have  only  the  shM  preserved  to  us.  We  know  nothing  of  the 
animals.  Our  argument  then  is  foondea  on  assumption,  and  must  be  treated  ac- 
cordingly. See  '*  Distribution  of  the  Cephalopoda  in  Silurian  Countries,"  by 
J.  Barrande.    Reriewed  in  Obol.  Mao.  1870,  Yol.  YII.  p.  490. 
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solely  on  an  investigation  of  the  characters  of  the  external  shell, 
a  test  that  is  by  no  means  a  sure  indication  of  corresponding  difier- 
enoes  in  grades  of  organization  of  the  animals  inhabiting  them,  ud 
therefore  the  classification  of  zoologists  is  rightly  based  on  thoie 
internal  characters  which  affect  the  life-conditions  and  habits  of  the 
animal.  —  characters  of  which  we  are  necessarily  often  entii^j 
ignorant  in  the  case  of  fossils  derived  from  the  Palaeozoic  rocki 
Again,  with  regard  to  the  distribution  in  time,'*we  are  confronted 
with  the  fact  that  of  the  whole  25  Palisozoic  genera,  no  less  than  12 
varied  types,  or  nearly  one-half  of  the  whole,  occmr  simultaneoody 
in  all  parts  of  the  world  at  the  same  geological  epoch.  l%is  nidb 
distribution  of  the  so-termed  primitive  types  is,  however,  capable  of 
being  interpreted  by  Evolutionists  as  proof  of  their  antiquity ;  and 
they  will  probably  define  the  conclusion  that  they  are  the  first  repi«- 
sentatives  of  the  group,  as  an  unsound  one,  based,  as  it  undoubtedly 
is,  on  purely  negative  evidence,  and  reply  that  their  predecesson 
have  yet  to  be  discovered  in  some  of  the  unexplored  Cambrian  areu. 
But  M.  Barrande's  most  valid  objection  to  the  theory  of  the  evoln- 
tion  of  the  class,  one  with  which  I  am  not  competent  to  deal,  if 
assuredly  that  founded  on  a  critical  investigation  of  the  embiyomo 
characters  of  the  Ammonitid^e  and  Qoniatidm,  as  compared  with  thai 
of  the  Nautilida.  These  researches  lead  him  to  the  conviction  tbat 
important  embryological  distinctions  exist  between  the  development 
of  the  Ammanitea  and  Ooniatites,  and  that  of  the  Nautilida,  wfaicl 
preclude  the  reception  of  the  idea  that  the  Secondary  Avimomtidtt 
were  derived  from  the  Goniatites,  and  they,  in  their  turn,  from  the 
primitive  Nautili.  To  quote  from  the  able  and  most  instructive 
anniversary  address  of  the  late  President  of  the  Geological  Society,* 
Professor  Martin  Duncan,  F.R.S.,  "  The  examination  of  the  earliest 
formed  portion  of  the  shell  of  Nautilus  and  Ooniatites  indicatee 
embryological  distinctions,  and,  therefore,  it  is  necessary  to  seek  in 
the  remoter  Palax)zoio  Nautilida  for  the  ancestors  of  Nautilus  and 
Ooniatites." 

One  further  point  deserves  notice,  namely,  the  occurrence  at 
various  geological  horizons  of  distinct  generic  forms,  which  repre- 
sented by  a  few,  or  possibly  by  several  species,  nevertheless  die  out 
at  the  close  of  that  short  geological  period,  and  never  re-appear. 

"  So  cai-eful  of  the  type  P"  but  no, 
From  scarped  cliff  and  quarried  stone 
She  cries,  "  A  thousand  types  are  gone, 
I  care  for  nothing,  all  shall  go." 

Tennyson's  In  Memoriam, 

Tliis  fact,  which  is  observable  in  many  other  groups  of  organisms, 
notably  in  tliat  of  the  Brachiopodoj  as  was  so  clearly  explained  ]»y 
Mr.  Davidson '  in  his  admirable  memoir,  is  explicable  only,  either  by 
the  hypothesis  of  descent  with  modification,  or  by  that  of  the 
doctrine   of  special  creation.     In  this  instance  it  would  perhaps 


Jlalacologique  de  Belgique,  1876. 
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seem  a  more  exalted  conception  to  infer  that,  in  these  abandonee^ 
types,  we  Lave  the  modified  descendants  of  a  few  remotely  antecedent 
created  types,  than  to  maintain  that,  in  common  with  the  numberless 
specifio  varieties,  they  were  each  individually  created  at  successive 
and  constantly  recun-ent  periods, — for  the  fact  that  they  made  their 
appearance  on  the  earth  at  very  different  epochs  of  geological  time, 
18  as  indisputably  proved  as  that  of  the  orderly  and  successive  pro- 
gression from  the  Crustaceans  and  Molluscs  to  the  Fishes,  Eieptiles, 
and  Mammals.  But  I  will  not  enter  further  upon  the  speculative  con- 
troversies as  to  the  origin  of  the  Cephalopoda.  Scientific  doubts  and 
perplexities,  like  all  other  intellectual  difficulties,  should  be  solved  by 
individofid  thought,  the  result  in  most  cases  being  dependent  on  the 
peculiar  bias  of  the  observer.  In  this  necessarily  imperfect  sketch 
of  the  annals  of  the  Cephalopods,  I  have  merely  endeavoured  to 
place  the  evidence  impartially  before  you.  I  wish,  however,  to  be 
understood  as  dearly  distinguishing  between  what  may  be  termed 
"  Bationcd  Evolution,?  a  phase  of  the  doctrine  based  on  legitimate 
deductions  from  well-ascertained  facts,  as  widely  separated  alike 
from  ''  Advanced  Darwinism "  and  dogmatic  Materialism.  The 
investigation  of  the  past  history  of  any  group  of  organisms 
inevitably  trenches  on  the  theories  of  Evolution ;  for,  in  the  words 
of  one  of  the  most  popular  exponents  of  palseontological  science, 
Dr.  Alleyne  Nicholson,^  "it  is  to  that  science,  perhaps  more  than 
any  other,  that  we  may  look  for  the  key  to  some  most  interesting  and 
important  theoretical  problems  in  biology." 

Note. — ^The  writer  regrets  that  she  has  only  now  had  her  atten- 
tention  called  to  a  most  interesting  paper  by  Prof.  Owen,  entitled 
"  Observations  upon  the  Camerated  Structure  in  the  Valves  of  the 
Water-clam  {Spondylus  variuSy  Sow.),"  which  was  originally  printed 
in  the  Proceedings  of  the  Zoological  Society  for  June,  1837,  and 
afterwards  in  the  Magazine  of  Natural  History,  vol.  ii.  1838,  p.  407, 
in  which  the  author  traces  out  the  connexion  between  the  mode  of 
growth  in  Nautilits  and  that  of  other  molluscs  which  partition  off  a 
portion  of  their  shell  not  required  for  the  convenience  of  the  soft 
parts  of  the  animal  inhabiting  it.  Although  in  this  paper  Professor 
Owen  speaks  of  the  siphon  of  Nautilus  as  a  means  for  converting  the 
deserted  chambers  of  the  shell  into  '*a  hydrostatic  instrument  sub- 
servient to  the  locomotion  of  the  animal,"  yet  he  clearly  points  out 
that  the  septal  divisions  of  the  Nautilus-shell  are  analogous  to  the 
Bepta  of  the  ''water  spondylus"  and  many  other  shells  which 
partition  off  the  dis-used  portion  of  their  houses  both  among  uni- 
valves and  bivalves. 

Dr.  Henry  Woodward,  F.B.S.,  to  whom  Professor  Owen  showed 
this  paper  a  few  days  since,  was,  he  informs  me,  until  then,  wholly 
unaware  of  its  publication,  and  only  regrets  that  he  did  not  discover 
it  when  writing  upon  the  subject  of  Camerated  Shells,  so  as  to  have 
given  Professor  Owen  due  credit  for  these  views  published  so  long 
before  his  own. — ^A.  0. 

>  Recent  Progress  in  PalsDontoloej,  Gbolooical  Magazine,  January,  1878 ;  the 
Inaugural  Address  to  the  Edinbnrgn  Gkologioal  Society,  No?ember,  1877. 
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ni. — Thv  Phtbigal  Fobcss  which  hats   CAirsKD   THS  Pkbdt 
Configuration  of  thk  Yallkt  of  the  Caxder  nr  Yobk8Hiu.^ 

By  Jamss  W.  Datu,  FJ^S.,  F.G.8-, 
Hon.  Secretary  of  the  Yorkshire  Geological  and  Poljteclmic  Society. 

BT  way  of  introduction  to  the  subject  of  this  paper,  I  will  tot 
briefly  describe  the  physical  features  of  the  oountiy  drmined  by 
the  River  Calder.  We  shall  thereby  gain  a  clear  idea  of  the  preteot 
configuration  of  the  Calder  valley  and  better  understand  how  the 
forces  have  operated  which  have  produced  the  grand  diversity  of  hill 
and  valley,  of  moorlands  bleak  and  wild,  of  precipitons  crag,  and 
steep,  wooded  slopes,  and  of  the  lower  lands,  rich  and  fertile,  whit^ 
extend  along  their  base.  To  know  clearly  what  has  been  done,  if 
more  than  half  to  understand  how  it  has  been  done. 

The  Biver  Calder  is,  roughly  speaking,  about  forty  miles  in 
length,  and  drains  about  400  square  miles  of  land.  It  has  its  sonro 
in  several  small  streams  which  rise  far  up  in  hills  around  Tod- 
morden.  The  principal  feeder  has  its  origin  in  Liancashiie,  and 
passes  through  a  break  in  the  chain  of  hills  separating  that  county 
from  our  own.  Pursuing  an  easterly  course,  the  united  stzeamleU 
wend  their  way  from  Todmorden  to  Hebden  Bridge,  and  are  theie 
joined  by  a  large  tributary  from  the  Wadsworth  and  Widdc^ 
moors.  It  is  the  stream  from  the  latter  that  is  intercepted  and 
collected  into  large  reservoirs  by  the  corporation  of  Halifax.  The 
water  is  conducted  thence  in  a  large  conduit,  which  passes  at  i 
depth  of  500  feet  or  more,  under  Wadsworth  moor,  and  so  on  to 
Halifax.  A  short  distance  below  Hebden  Bridge  is  another  very 
pretty  village  called  Cragg,  and  passing  through  this  is  a  small 
river  which  descends  from  the  moorlands  of  Langfield.  No  doubt 
many  of  my  readers  have  been  either  to  Hebden  Bridge  or  in 
Cragg  valley,  and  will  have  a  vivid  recollection  of  those  really 
delightful  places.  They  will  remember  the  precipices  of  sandstone, 
which  rise  from  the  level  of  the  bed  of  the  stream,  in  some 
instances,  as  at  Hebden  Bridge ;  succeeded  by  gentler  slopes,  which 
are  either  covered  with  trees  or  grassland.  Originally  they  were  all 
wooded,  the  trees  having  been  cut  down  during  late  years  by  the 
farmers  and  others,  who  thought  they  could  make  some  profit  out  of 
the  land  if  they  could  use  it  for  grazing  cattle  or  growing  com, 
whilst  if  the  trees  remained  they  would  probably  not  be  able  to 
do  so.  The  result  of  this  utilitarianism  has  been  to  render  many 
parts  of  the  valley  far  less  pretty  than  they  would  have  been  had 
the  trees  been  left  standing. 

Tlie  grassland  generally  extends  high  up  the  hills,  to  the  verge  of 
the  moorland,  which  everywhere  covers  the  tops  of  the  hills,  stretching 
away  mile  after  mile,  in  long  monotonous  undulations ;  occasionally  a 
stream  cuts  deep  into  the  surface,  otherwise  there  is  little  to  break 
the  sameness  which  exists  on  all  sides.  The  moors  are  covered  with 
furze  and  heather,  with  occasional  small  patches  of  short  green 
They  are  wholly  given  up  to  grouse  and  a  few  sheep.    The 

^  Bead  at  the  Orphanage,  Halifax. 
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)cay  of  the  heather  produoes  peat,  and  this  in  most  places  has  a 
ickness  of  from  six  or  eight  to  twelve  feet ;  below  that  again  is 
ndstone.  You  may  always  be  sure  that,  wherever  heather  and 
iat  occur,  the  rock  below  the  surface  is  sandstone.  You  will  never 
ad  the  heather  growing  on  a  bed  of  limestone,  or  shale,  or  clay, 
it  always  on  sandstone. 

Leaving  these  elevated  moorlands  for  a  time,  let  us  follow  the 
mrse  of  the  river  from  Mytholm  to  Sowerby  Bridge.  It  passes 
uongst  steep  declivities  of  shale  or  more  precipitous  "  edges  "  of 
ritstone ;  generally  the  shale  slopes  up  to  the  foot  of  the  grit,  the 
tter  projecting  in  angular  cornices  above  it.  This  is  the  character 
'  the  scenery,  not  only  of  Calder  valley,  but  also  of  the  tributaries 
hich  join  it  from  the  Rippondeu  and  Luddenden  valleys,  and  those 
om  Halifax  on  the  one  side,  and  Barkisland  and  Stainland  on  the 
;her.  Below  Elland,  the  valley,  which  has  been  hitherto  very 
UTOw,  assumes  greater  proportions,  its  surface  being  arranged  in  a 
tries  of  long  level  flats  through  which  the  river  has  cut  its  channel 
ith  many  devious  turnings  and  windings.  The  valley  is  boundeil 
1  either  side  by  hills,  which  rise  to  a  considerable  height,  but  are 
laracterized  by  a  more  rounded  outline  than  those  nearer  the  source 
:  the  river.  The  escarpments  of  sandstone  are  wanting,  and  though 
le  general  character  of  the  two  areas  is  somewhat  similar,  there  is 
ill  sufficient  difference  to  indicate  to  an  experienced  e3'e  that  they 
re  not  of  the  same  geological  composition.  Such  is,  in  fact,  the 
ise ;  the  river  in  its  initial  stages  runs  amongst  hills  of  Millstone- 
rit,  whilst  from  Elland,  downwards,  its  course  is  amongst  the  Coal- 
leasures.  The  former  are  characterized  by  thick  beds  of  sandstone, 
hioh  form  the  steep  escarpments  already  described;  whilst  the 
ktter,  composed  more  largely  of  shale  with  beds  of  coal,  form 
)unded  summits  only,  now  and  then  capped  by  a  bed  of  flagstone. 

The  country  becomes  flatter  until  Wakefield  is  arrived  at,  after 
'hich  the  hills  gradually  disappear ;  and,  with  many  convolutions, 
Pten  turning  quite  round,  and  running  a  short  distance  backwards, 
le  river  reaches  Castleford  and  empties  itself  into  the  Aire.  The 
[strict  about  Lofthouse,  Methley  and  Normanton  is  comparatively 
at  and  tame.  It  is  composed  of  the  Middle  Coal-measures,  and 
>rms  a  rich  agricultural  district  Its  greatest  value  is,  however, 
ot  on  the  sur&ce,  but  in  the  mineral  wealth,  which  lies  buried 
undreds  of  feet  below.  The  Coal-pits,  which  are  numerous,  do  not 
md  to  improve  the  appearance  of  the  country. 

The  geological  structure  of  the  country  drained  by  the  Calder 
ext  demands  consideration.  The  whole  of  the  rocks  in  this  area 
institute  a  part  of  what  is  called  the  Carboniferous  system,  so 
amed   from  the  occurrence  of  great  quantities  of  coal  found  in 

beds,'*  especially  amongst  the  upper  members  of  the  series.  The 
krata  which  form  the  surface  are  comprised  in  descending  order  in 
tie  vertical  section  following :  —Middle  Coal  Measures,  Lower  Coal 
leasures,  Millstone  Grits,  Yoredale  Kocks.  The  Yoredale  rooks 
ocupy  the  bottom,  and  some  distance  up  the  sides,  of  the  valley 
t  Todmorden.     They  consist  principally  of  shales,  with  beds  of 
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sandstone,  and  only  differ  from  the  Millstone  rocks  aboTe  them 
in  this:  that  the  ToredaU  rocks  are  mainly  shales  with  a  com- 
paratively small  quantity  of  sandstone  interbedded,  whilst  in  tbe 
Millstone-grits,  the  sandstone  beds  of  which  are  used  for  millstonn 
in  grinding  corn,  the  characteristic  features  of  their  composidcn 
are  the  thick  beds  of  sandstone  which  occur  abondantly  through- 
out the  series,  and  may  be  seen  capping  all  the  hills  in  this 
neighbourhood.  Just  in  the  same  way,  the  lower  and  upper 
members  of  the  great  Carboniferous  system  are  characterized;  the 
former  by  the  immense  quantities  of  thick-bedded  limestone  com- 
posing it,  and  the  latter  by  the  frequent  occurrence  of  beds  of 
coal.  The  one  called  the  Osirboniferous  Limestone,  the  other  the 
Coal-measures. 

By  far  the  greater  portion  of  the  400  square  miles  drained  by  th* 
Eiver  Calder  and  its  tributaries  is  composed  of  Millstone-grit*  f 
and  Lower  Coal-Measures.  The  Millstone-grits  extend  from  the 
boundary  of  the  county  eastward  to  a  line  extended  roughly  from 
Halifax  a  little  west  of  Huddersfield,  which  would  separate  them 
from  the  Lower  Coal-measures. 

The  Millstone-grit  rocks,  with  the  superincumbent  Coal-measinw, 
form  parts  of  an  immense  anticlinal  ridge,  whose  apex  extends 
along  the  summit  of  the  chain  of  hills  dividing  Lancashire  from 
Yorkshire.  On  the  side  of  Lancashire  the  dip  or  slope  of  the 
rocks  is  very  rapid,  whilst  that  on  the  Yorkshire  side  of  this 
chain  of  hills  is  comparatively  gentle.  The  woodcut  on  page  504. 
to  which  I  shall  agiiin  refer,  will  explain  this  relationshi}'. 
Originally,  the  Coal-fields  of  the  two  counties  were  uniteil. 
and  formed  one  lar<;e,  and,  we  may  suppose,  level  plain,  over 
which  the  sea  occasiimally  encroadied  for  long  periods.  Duriiii; 
the  Millstone-grit  age  the  sea  had  the  best  of  it,  and  during  th-:- 
deposition  of  the  great  thicknesses  of  shale  which  lay  between  the 
grit  rocks,  the  land  was  under  water.  The  gritstones  themselves 
formed  the  sea-bed,  but  were  near  the  shore,  and  probably  washel 
and  ground  by  every  advancing  and  receding  tide — the  grains  ot 
sand  composing  the  sandstones,  when  examined  with  the  assistance 
of  a  magnifying  lens,  will  be  found  to  be  more  or  less  spherical : 
the  hard,  sharp,  corners  having  been  removed  by  the  constant 
rubbing  of  one  particle  against  another  whilst  they  formed  the  sands 
on  the  shore  of  this  old  land.  A  specimen  from  the  quarrj'  on  the 
edge  of  the  moor  will  abundantly  prove  what  I  have  said,  and 
if  a  piece  of  stone  be  chosen  with  large  quartz  pebbles  inclosed, 
such  as  very  frequently  occur,  the  rounded  and  waterwom  form 
will  be  easily  identified.  Both  the  sandstones  and  the  shale  are 
the  result  of  the  disintegration  of  a  still  older  land,  just  as  the 
Permian  Limestone,  which  stretches  in  a  line  N.  and  S.  across  the 
county,  a  little  beyond  the  confluence  of  the  Calder  with  the 
Aire,  has  been  derived  from  the  Mountain  Limestone  of  the  Ftll 
district  to  the  north  of  the  Calder  valley.  Tlie  Millstone-grils 
were  probably  deposited  near  the  shore,  being  brought  down  \x 
^rivers  from  the  land  adjoining,  whilst  the  finer  and  more  impalpable 
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mad  would  be  carried  further  out  to  sea,  before  it  settled  to  the 
bottom.  This  mud  has  formed  the  great  bed  of  shale.  One  feature 
is  particularly  noticeable  in  connexion  with  the  deposits  from  this 
old  sea,  and  it  is  a  feature  that  is  usually  remarked  at  a  very  early 
period  in  the  researches  of  young  geologists :  it  is  this,  that  there  are 
an  extremely  small  number  of  fossils  found  in  the  beds  of  shale  or 
rock.  The  sandstone  may  be  hammered  by  the  youthful  enthusiast, 
where  exposed  in  a  natural  esoarpment,  or  in  the  numerous  quarries 
which  occur  yery  abundantly  near  Heilifax,  with  no  better  result 
than  the  acquisition  of  a  fragment  of  a  tree  stem  or  a  fossilized 
impression  of  a  fruit-cone  of  a  tree  to  which  the  stem  belonged; 
whilst  the  shales,  except  in  a  few  rare  instanoes,  i4[>pear  to  be 
absolutely  deyoid  of  organic  remains.  This  absence  of  fossil 
animal  remains  may  probably  be  accounted  for  by  the  intermixture 
with  the  shales  of  a  large  per-centage  of  iron,  which  was  deposited 
at  the  same  time  as  the  mud,  and  consequently  was  held  in  suspen- 
sion by  the  water.  Most  of  my  readers  know,  that  where  the 
water  is  tainted  with  iron,  or,  as  it  is  frequently  termed,  is  "oankerey,*' 
no  fish  or  shells  can  exist;  at  any  rate,  this  is  the  case  if  the 
iron  is  present  in  considerable  quantities.  During  the  Millstone- 
grit  age,  or  the  time  at  which  these  rocks  were  deposited,  the  waters 
appear  to  have  been  yery  '*cankerey"  indeed;  and,  as  a  natural  con- 
sequence, fishes  and  molluscs  were  either  very  rare,  or  they  were 
altogether  absent;— only  the  broken  fragments  of  the  stems  of  trees, 
brought  down  by  the  rivers  from  the  adjoining  land,  being  found, 
as  already  said,  in  these  strata.  Though,  however,  these  may  be  con- 
sidered the  general  palasontological  characteristics  of  the  strata,  on 
the  west  and  north  of  Halifax  there  are  two  or  three  exceptions, 
which  may  be  worth  pointing  out.  On  Wadsworth  moor,  about  a 
mile  and  a  half  from  Hebden  Bridge  Station,  a  shaft  was  sunk  in 
making  a  passage  through  the  bill,  for  the  water  collected  on  the 
moorhmds  above  Widdop  to  be  carried  to  Halifax.  This  part  is 
composed  of  the  Third  Grits,  and  at  about  300  feet  from  the  surface 
a  bed  of  limestone  occurred,  which  contained  fish-remains,  and 
numerous  fossil  shells.  If  any  collector  would  like  to  gather  some 
of  these  fossils,  they  may  yet  be  found  on  the  heap  of  shale  and 
stones  at  the  mouth  of  the  pit,  and  will  repay  a  visit-  The  other 
sections  where  fossils  may  be  got,  other  than  plants,  are  at  Wheatley 
and  Ogden,  beneath  the  Bough  Bock,  but  these  can  only  be  found 
by  experienced  eyes. 

Turning  next  to  the  CoaUmeasweB,  we  find  that  great  changes 
have  taken  place.  There  were  still  long  periods  during  which  the 
land  was  under  water ,  and  thick  beds  of  shales  and  sandstone  were 
the  result,  but  the  principal  feature  of  this  age  consisted  in  the 
formation  of  thick  and  numerous  beds  of  CoaL  I  will  not  enter  into 
the  question  of  the  formation  of  Coal,  for  it  is  one  which  has  engaged 
much  attention,  and  about  which  there  are  several  plausible  theories, 
merely  premising,  that  the  coal  is  the  result  of  the  accumulation  of 
large  quantities  of  decayed  vegetable  matter,  which,  by  pressure  and 
some  chemical  changes,  has  been  turned  to  the  black  carbonaceous 
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solwtaiioe  with  wbidi  we  are  all  ao  familiar.  Besidea  these  riok 
deposits  of  vegetable  origin,  with  their  beaatifaUjr  preaerved  eped- 
mens  of  ferns  and  other  land-planta,  there  occurs  a  great  nnmber  c^  the 
foBsil  remains  of  shelU  and  fishes  which  liyed  in  the  water,  and  slao 
of  a  few  insects  and  labyrinthodonts  which  existed  mainly  on  the 
land.  Specimens  of  these  fossils  may  be  found  on  almost  any  pit  heap^ 
and  are  especially  abondant  in  tbe  Halifax  Coal-strata  and  abore 
the  Better  Bed  Coal  of  the  Lowmoor  district 

After  this  digression,  we  must  hasten  to  consider  some  of  the 
physical  forces  which  are,  or  ought  to  be,  the  subject  of  this  paper. 
Perhaps  the  most  important  is  tbe  great  internal  force  which  caiued 
the  elevation  of  the  cbain  of  hills  dividing  this  oonnty  from  Lan- 
cashire, called  the  Pennine  Chain  of  Hills  or  the  Backbone  of  Eng- 
land. This  upheaval  is  part  of  an  extensive  system  of  faults  whidi 
extended  primarily  in  two  directions,  viz.  one  running  north  and 
south — the  Pennine  system  of  faults — extends  from  the  eastern 
aide  of  the  Lake-district  southwards  to  Staffordshire,  passing,  on  its 
way,  along  the  western  boundary  of  Yorkshire.  The  second  greii 
line  of  faults  is  in  an  easterly  and  westerly  direction.  They  are 
called  the  Craven  Faults.  They  branch  from  the  Pennine  Fanlts 
near  Ingleton,  and,  proceeding  eastwards  along  the  foot  of  Ingleboro*, 
pass  behind  Settle  to  Malham,  and  thence  still  further  into  Wharfe- 
dale.  The  displacement  of  the  rocks  by  these  faults  is  very  great 
In  Lunedale  the  New  Red  Sandstone  abuts  against  Silurian  rocki, 
and  the  beds  must  be  displaced  to  the  extent  of  nearly  3000  feet 
At  Ingleton,  tbe  Coal-measures  are  placed  by  the  Craven  Fault  on 
a  level  with  Silurian  rockR ;  further  east,  at  Malhara,  the  Mountain 
Limestone  on  the  north  is  in  a  line  with  the  Millstone-grits  on  the 
south  side  of  the  fault 

In  the  district  we  are  considering  the  break  seen  in  tbe  rocks  is 
not  80  distinct,  but  they  are  forced  up  into  an  anticlinal  as  repre- 
sented in  the  subjoined  diagram. 

Diagrammatic  Sbction  across  thb  Pbnnixb  Anticlixai^ 
Lancashire.  Yorkthire. 


1.  Mountain  limestone.  3.  Millstone  Grit. 

2.  Toredale  Rocks.  4.  Coal  Measure. 

To  understand  this  action  it  will  be  necessary  to  premise  that 
the  earth's  crust  is  constantly  changing  its  form,  even  at  the 
present  time,  and  that,  formerly,  the  changes  appear  to  have  taken 
place  much  more  rapidly.  The  strata  or  rocks  of  which  the  outer 
surface  of  the  earth  is  composed  are  not  everywhere  of  the  same 
ttiiokness  and  strength,  and,  consequently,  are  not  able  to  bear 
mly  a  lateral  pressure,  such  as  would  be  produced  by  the 
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oooling,  and  oonsequent  oontraotion,  of  the  whole  mass.  Where  the 
earth's  cmst  is  thinner  than  in  other  places,  or,  from  some  other 
oanse,  happens  to  be  weaker,  it  is  most  likely  to  giye  way,  and  this 
seems  to  haye  been  the  case  in  the  district  which  now  forms  the 
range  of  hills  westwards  from  Halifax.  The  thick  beds  of  gritstone 
and  shales  were  crumpled  up  like  the  leaves  of  a  book,  but,  being  of 
a  hard  and  yery  inelastic  nature,  the  grit  rooks  were  broken  asunder, 
and  we  haye  the  two  faces  of  the  separated  rock  considerably  apart, 
in  some  instances  the  distance  has  to  be  reckoned  by  miles. 

Suppose  there  are  10,000  feet  of  strata,  for  the  action  extends  much 
lower  than  the  rocks  which  are  yisible,  lying  horizontally  one  above 
another ;  then  imagine  a  force  pressing  this  mass  from  below  with 
sufficient  strength  to  bend  or  bulge  it  outwards,  what  will  be  the  con- 
sequence ?  The  stratum,  which  we  will  suppose  to  be  a  sandstone, 
occupying  the  surface,  will  be  bent  upwards,  until  it  can  no  longer 
bear  the  strain,  when  it  will  burst  or  break  into  two  parts,  leaving  a 
space  between.  The  upheaval  may  have  been,  in  all  probability  was, 
a  very  slow  process.  It  is  not  at  all  necessary  to  suppose  that  the 
movement  was  a  rapid  one,  or  that  it  took  the  form  of  a  gigantic 
earthquake  or  other  cataclysm  of  that  nature.  The  pressure  may 
have  been  gently  but  persistently  applied,  and  the  operation  have 
extended  over  ages.  As  the  strata  were  successively  strained  and 
broken,  they  would  gape  wide  apart  at  the  centre  of  the  arch ;  each 
bed  of  sandstone  or  shale,  as  it  became  elevated  to  the  suiface, 
would  carry  those  which  had  preceded  it  further  and  further  from 
the  centre  of  rupture.  This  is  the  kind  of  action  which  actually 
oocurred  during  the  elevation  of  the  Pennine  Chain.  If  any  one, 
walking  from  Halifax  to  filackstone  Edge,  took  the  trouble  to  notice, 
be  would  find  that  he  passed  over  the  several  outcrops  of  the  Hough 
Bock  and  Flagstone,  which  presents  an  escarpment  to  the  westwards, 
where  its  existence  terminates;  then  the  series  of  Third  Grits,  which 
are  greater  in  number,  but  not  so  thick  and  important  as  the  rocks 
above  and  below ;  and  finally  the  great  precipitous  clififs  of  the 
Lowest  or  Kinder  Scout  Grits  would  be  found  terminating  abruptly 
on  the  summit  of  Blackstone  Edge,  forming  the  boundary  of  the 
oounty. 

Between  each  of  the  escarpments  of  sandstone,  a  much  more  even 
tract  would  be  passed  over,  which  on  examination  would  be  found  to 
be  shale. 

We  have  now  glanced,  very  briefly,  over  the  physical  contour, 
the  geological  structure,  and  the  interned  displacement  of  the  rocks, 
forming  .the  surface,  and  we  know  now  what  kind  of  material  the 
physical  forces,  some  extinct,  others  in  daily  operation,  have  to  work 
upon. 

It  has  already  been  observed  that  the  bed  of  the  river,  from 
Sowerby  Bridge  eastwards,  runs  through  a  series  of  somewhat  level 
plains,  not  unlike  the  appearance  that  would  be  presented  by  a 
string  of  lakes  joined  together  by  a  broad  river.  Where  the  structure 
of  these  level  tracts  has  been  exposed,  by  sinking  wells  or  other 
means,  it  has  been  found  to  consist  of  sand  containing  a  great 
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number  of  rounded  stones.  Such  a  seotion  was  exposed  in 
digging  for  the  foundation  of  the  railway  arch  which  crosset  the 
river  at  North  Dean.  The  upper  part  of  the  section  was  found  to 
consist  of  sand  and  stones  or  boulders  which  hod  evidently  been 
derived  from  the  sandstones  of  the  surrounding  oountay.  The  lower 
part,  however,  about  twelve  feet  in  depth,  contained,  besides  f^csoB 
of  local  origin,  others  which  had  been  conveyed  from  veiy  long 
distances. 

In  many  places  along  the  sides  of  the  valley,  at  Hebden  Bridge, 
Mytholm,  Elland,  and  at  Kirklees  Park,  there  are  deposited  beds 
of  water- worn  stones  and  sand.  Take  the  section  at  the  EUind 
Cemetery  for  example.  There  is  a  considerable  thickness  of  sand, 
containing  immense  numbers  of  rounded  stones  and  occasional  biti 
of  shale.  It  rests  on  shale  belonging  to  the  Lower  Coal-measare& 
and  reaches  from  the  Cemetery  down  the  hill-side  towards  the  rirer, 
and  is  cut  through  and  well  exposed  by  the  railway  at  Elland 
Station.  This  bed  is  altogether  different  from  the  one  in  the  bottom 
of  the  valley  at  North  Dean,  and  they  do  not  present  the  appearance 
of  having  been  at  any  time  connected  with  each  other. 

Tliis  deposit  is  just  such  a  one  as  would  be  left  by  the  tapping  or 
draining  of  a  lake,  and  it  appears  a  reasonable  inference  that  at  one 
time  the  valley  of  the  Calder  was  dammed  up  to  the  height  of  these 
deposits,  and  that  by  some  means  the  barrier  or  embankment  at  its 
south-eastern  extremity  was  removed  and  the  water  subsided,  leaving 
evidences  of  its  existence,  which  may  formerly  have  been  much  more 
extensive  than  at  present,  in  the  teiTaces  of  rounded  stones  and  sand 
formerly  constituting  its  shore,  and  which  we  now  find  at  consider- 
able elevations  above  the  present  level  of  the  valley.  Whetlier  these 
terraces  are  older  than  the  boulder  beds  in  the  bottom  of  the  vallev, 
must  remain  an  open  question.  I  do  not  think  there  is  sufficient 
evidence  to  solve  it  at  present. 

Tlie  peculiar  feature  about  the  deposits  exposed  at  North  Dean, 
and  many  other  places  lower  down  the  valley,  is  the  occurrence,  in 
the  lower  part,  of  blocks  of  granite  and  syenite  amongst  stones  de- 
rived from  the  Millstone-grits  which  bound  the  valley.  How  came 
they  there?  The  nearest  points  where  they  are  found  in  situ  is 
either  Cuml^erland  or  Wales,  and  consequently  they  must  have 
travelled  or  been  carried  to  their  present  locality  from  either  one  or 
the  other  of  these  localities.  It  appears  most  probable  that  they 
came  from  Cumberland,  for  we  know  that  a  great  glacier  descended 
along  the  western  slope  of  the  Pennine  Chain  from  the  Lake-district 
and  Scotland,  and  also  that  a  considerable  branch  passed  over  Stain- 
moor  into  Wensleydale,  and  found  its  way  into  the  great  flat  country 
of  central  Yorkshire,  of  which  the  city  of  York  is  the  centre.  You 
may  ask  how  this  is  known,  and  what  proofs  there  are  ?  In  reply, 
there  is  a  mountain  on  the  borders  of  the  Lake-district  called  Shap- 
fell,  which  is  composed  of  a  peculiar  kind  of  granite  containing  very 
large  crystals  of  felspar.  This  peculiar  granite  is  not  found  elee- 
where,  and  its  occurrence  in  other  localities,  in  detached  and  rounded 
fragments,  proves  that  it  has  been  conveyed  by  some  means  from 
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Shapfell  to  the  position  in  which  it  is  found.  The  evidence  that  it 
has  been  conveyed  by  ice  is  also  very  condnsive.  Where  the  boulders 
of  Shap  granite,  or  those  from  other  localities,  are  fonnd  imbedded  in 
clay,  they  are  covered  with  fine  scratches.  Now  the  only  agent  with 
which  we  are  acqaainted  which  can  scratch  the  stones  in  this  pecu-^ 
liar  manner  is  the  grinding  and  rubbing  action  of  a  mass  of  moving 
ice,  such  as  oonstibutes  glaciers.  The  bonlders  in  Lancashire  and  the 
more  eastern  parts  of  Yorkshire  are  scratched  in  the  way  indicated ; 
but  those  in  the  Calder  valley  are  not  scratched  or  striated,  and 
there  is  no  evidence  that  a  glacier  ever  occupied  this  valley.  The 
way  these  erratics  appear  to  have  got  into  the  valley  is  as  follows. 
They  were  brought  by  glaciers  into  the  valley  of  the  Ouse  along 
with  glacial  clay,  and  deposited  there.  After  a  while  the  level  of 
the  land  was  lowered,  and  the  glacial  deposits  were  subjected  to  the 
action  of  the  waves.  The  boulders  were  washed  out  of  the  clay,  and 
rolled  about  the  bottom  of  the  sea,  until  the  scratches  were  oblite- 
tated  and  the  comers  worn  off. 

At  this  time  the  valley  of  the  Calder  was  submerged.  Its  channel, 
subject  to  the  fnry  of  the  waves,  would  soon  become  much  deepened 
and  wider.  The  shales  beneath  the  Grit-rock,  from  their  loose  and 
incoherent  structure,  would  prove  an  easy  prey  to  the  waves,  and  be 
readily  washed  out  The  Grit-rocks  above  them  are  broken  into 
huge  cubes  by  fractures  extending  vertically  in  all  directions,  and,  as 
soon  as  their  support  was  gone,  these  cubes  of  rock  would  fall  down, 
and,  subjected  to  the  action  of  the  waves  in  their  turn,  would  be 
broken  into  smaller  pieces,  the  comers  and  sharp  edges  removed, 
and  they  would  form  the  boulders  we  find  at  the  present  time  filling 
up  the  valley.  Intermixed  with  them,  the  boulders  of  foreign 
origin,  washed  up  by  currents  from  the  not  far  distant  valley  of  the 
Ouse,  would  be  deposited  at  the  same  time»  After  a  while,  on  the 
re-emergence  of  the  land,  the  flat  plains,  formed  as  described,  would 
exist  in  very  nearly  the  form  we  see  them  at  the  present  day. 

I  have  reached  the  concluding  portion  of  my  subject,  and  have 
only*  a  little  more  to  say  respecting  the  sub-aeriaJ  denudation  that  is 
always  in  progress,  at  a  greater  or  less  rate. 

The  principal  agents  are  rain  and  streams,  springs  and  frost 
Their  effects  in  forming  the  contour  of  the  surface  may  be  seen 
everywhere.  Valleys  are  seen  cut  deep  into  the  solid  rock,  and  still 
deeper  into  the  shales  below.  Landslips  frequently  occur,  caused 
by  the  underlying  strata  being  washed  out  by  springs ;  or  the  rocks, 
having  been  saturated  with  water  and  subjected  to  the  action  of 
frost,  are,  by  the  expansion  of  the  water  during  freezing,  forced  off 
in  masses  which  lie  strewn  on  the  hill-sides.  I  have  already 
remarked  on  the  liability  to  erosion  by  the  sea  of  the  beds  of  rock 
in  the  valley  of  the  Calder.  We  find,  universally,  that  a  bed  of  grit 
overlies  a  bed  of  shale.  Tou  will  find  sach  to  be  the  case  in  the 
sections  exposed  in  Copley  valley. 

The  sandstone  acts  as  a  huge  reservoir  for  collecting  and  holding 
water.  In  wet,  rainy  seasons,  such  as  we  have  experienced  during 
the  past  summer,  the  sandstones  are  like  great  sponges ;  all  the  inter- 
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Htioes  between  the  gnuns  of  sand  fall  of  water.  The  water  gnduaHj 
settles  or  filters  to  the  lower  part  of  the  sandstone,  and,  reaiching  tfas 
base,  it  meets  with  the  shales,  and  its  progress  is  stopped  in  tbit 
direction — perhaps  not  entirely,  but  nearly  so.  If  the  sandstone 
occupies  a  hollow,  it  fills  up  until  the  lowest  part  of  the  shalj 
rim  be  reached,  when  the  water  babbles  ont  as  a  spring.  If,  u 
is  usually  the  case  in  our  district,  the  beds  are  inclined  at  a  tolerablj 
persistent  angle,  the  water  drains  to  the  lowest  part,  and  is  thefe 
''  thrown  out "  at  the  junction  of  the  shales  with  the  sandstone.  A 
good  example  of  the  former  kind  of  spring  oocurs  on  Korisnd 
Moor,  at  what  are  called  the  boiling  wells,  so  named  from  the  ap- 
pearance of  boiling  presented  by  the  water  as  it  bubbles  np ;  and  far 
examples  where  Uie  water  is  thrown  out  by  an  impervious  bed  of 
shale,  you  will  find  many  along  the  base  of  the  escarpment  in  North 
Dean  wood.  I  do  not  think  you  would  be  very  likely  to  find  any 
on  this  side  of  the  valley,  because  the  rook  dips  or  slopes  towardi 
*  Halifax,  and  the  water  would  of  course  follow  the  same  directioB. 
This  throwing  out  of  water  proves  an  important  element  in  increas- 
ing the  width  of  the  valley,  for  in  its  passage,  minute  quantitiei 
of  the  shale  are  carried  away,  and  the  action  continuing  for  long 
periods,  the  foundation  of  the  grits  above  is  loosened  or  removed, 
and  the  masses  of  angular-jointed  sandstone  fall  from  their  positioo 
and  lie  strewn  over  the  slope  below.  From  the  peculiar  mann^  in 
which  the  grit  rocks  are  jointed,  they  generally  break  away  in  rect- 
angular blocks,  leaving  a  still  perpendicular  surface  to  be  furth^ 
acted  upon.  Very  fine  examples  where  a  whole  hill-side  has  been 
precipitated  into  the  valley  below,  may  be  seen  at  "  Buckstones  ■' 
beyond  Barkisland,  and  also  between  the  latter  place  and  Bipponden. 
The  amount  of  debris  carried  away  seawards  by  the  Biver  Calder 
is  something  enormous.  If  you  were  to  take  a  glass  of  water  from 
the  river  during  a  flood,  or  freshet,  when  the  water  is  muddiest,  and 
let  it  stand  until  the  matter  it  contained  had  settled  to  the  bottom, 
it  would  at  once  be  seen  that  it  forms  really  a  large  per-oentage  of 
the  weight  of  the  whole.  Next  calculate  the  millions  of  gallons  of 
water  that  pass  away  in  a  day  or  a  year,  and  you  will  be  astonished 
to  find  how  many  tons,  thousands  of  tons,  of  our  everlcuting  hills  are 
removed  to  another  place,  very  likely  some  quiet  comer  at  the 
bottom  of  the  German  Ocean,  which  in  ages  to  come  will  be  filled  up 
and  form  dry  land  again.  And  so  the  cycle  of  changes  in  the 
structure  of  the  surface  of  the  earth  constantly  proceeds ;  nothing  is 
fixed,  nothing  firm ;  sandstones,  shedes  and  limestones  are  accumu- 
lated beneath  the  waves,  are  raised  up  and  form  dry  land,  are 
subject  to  internal  displacement,  forced  up  into  high  mountains  by 
volcanic  action,  only  to  be  again  ground  to  powder  by  frost,  rain, 
and  wind,  and  carried  away  by  the  livers  to  form  new  strata  in  the 
sea-bottom.  This  has  been  going  on  frcnn  the  beginning,  and  will 
proceed  to  the  end. 
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lY.— On  thb  Oggurbbkgb  of  Mabinb  Shxlls  in  thb  Botjldxr-olay 

AT  BbIDLINGTOM  AMD  BLSEWHBBB   ON   THB  YoBESHIBB  CoAST. 

By  J.  Lamplugh, 

of    Bridlington    Qnay. 

With  Notes  by  F.  A.  Bbdwbll,  Esq.,  M.A.,  P.G.8. 

IN  1874,  whilst  searching  in  the  Boulder-days  south  of  Brid- 
lington, on  the  Yorkshire  Coast,  for  transported  fossils,  I  was 
greatly  surprised  to  find  a  few  water-worn  fragments  of  shells 
dispersed  through  the  clay  at  the  base  of  the  cliff,  inasmuch  as  all 
the  writers  on  this  subject  agree  in  assigning  to  the  Yorkshire  Clays 
**  no  contemporaneous  shells  whatever," '  that  is  to  say,  no  shells 
actually  coeval  with  the  deposition  of  the  clay. 

From  that  time  I  carefully  searched  for,  and  preserved  all  these 
fragments,  obtaining,  however,  only  a  very  limited  number  of 
species ;  until  a  short  time  ago,  when  I  had  the  good  fortune  to 
witness  a  small  exposure  on  the  south  shore,  close  to  the  town,  of  a 
bed  of  clay,  which  is  usually  covered  deeply  with  sand  and  shingle, 
80  exposed,  and  is  very  different  from  the  Purple  clay  of  the  ad- 
joining cliff.  '  In  this  clay,  shell-fragments  were  more  plentiful,  and 
perfect,  and  I  obtained  from  it  the  remains  of  about  a  dozen  species ; 
and  by  recent  and  more  extensive  exposures,  have  been  enabled  to 
raise  this  number  to  about  thirty  species. 

As  these  shelly  clays  are  evidently  very  closely  connected  with 
the  "so-called  Bridlington  Crag,"'  a  deposit  which  is  only  partially 
understood,  I  doubt  not  that  a  detailed  account  of  them  will  be 
found  to  possess  interest. 

The  two  distinct  masses  into  which  the  Boulder-clay  in  this 
neighbourhood  is  divided,  are  marked,  not  only  by  their  lithological 
characters,  into  'Blue'  and  'Purple,*  but  also  by  the  presence 
between  them  of  a  thin  bed  of  laminated  'snuff-brown'  clay, 
which  for  the  most  part  contains  no  pebbles  whatever,  being  very 
pure  and  soft,  and  remarkably  tenacious. 

This  snufi-coloured  clay  seems  to  be  a  strictly  local  deposit, 
occurring  only  in  Bridlington  Bay.  It  appears  both  to  the  north 
and  south  of  the  town.  To  the  north  it  may  be  traced  at  intervals 
along  the  base  of  the  wasting  cliff,  for  a  few  hundred  yards  north- 
ward from  beneath  the  lime-kiln.  To  the  south  it  is  at  present  well 
exposed  on  the  South  Sands  ^  between  high  and  low- water  marks,  for 
about  three-quarters  of  a  mile,  and  it  then  either  thins  out  or  sinks 
beneath  the  sea,  a  point  which  can  only  be  ascertained  by  careful 
examination  of  well-borings,  etc.,  further  south ;  but  1  am  inclined 
to  think  that  it  will  not  be  found  to  extend  further  than  the  place 
above  indicated,  viz.  halfway  between  Auburn  and  Bridlington. 

Its  thickness,  which  is  evidently  very  variable,  is  40  inches  at  the 

^  Phillips'  Geology  of  Yorkshire,  3rd  ed.  p.  164;  Wood  and  Rome,  Quart. 
Journ.  Geol.  Soc.  toI.  xxiv.  p.  147. 

'  For  some  account  of  the  Bridlington  Crag  see  a  paper  hy  Dr.  S.  P.  Woodward, 
F.G.S..  Geol.  Mao.  1864,  Vol.  I.jp.  49. 

^  The  beach  to  the  north  of  Bridlington  is  locally  known  as  the  "  North  Sands, 
and  that  to  the  south  of  the  town  as  ^e  "  South  Sands." 
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point  where  it  sinks  into  the  beach  to  the  south  of  the  town.  Fron 
its  position  on  the  shore  I  judge  that  it  occupies  extensive  hoUowi 
in  the  'Basement'  Clay.  Towards  its  junction  with  that  nun 
small  pebbles  make  their  appearance,  otherwise  it  is  remarkablj 
free  from  any  foreign  admixture. 

The  beds  which  immediately  underlie  this  laminated  clay,  aa 
both  the  North  and  South  Shore,  are  those  to  'which  I  would  moit 
particularly  draw  attention  on  account  of  their  near  relationship  to 
the  mass  of  sand  and  shells  known  as  the  Bridlington  Crag,  which 
evidently  forms  part  of  this  division. 

Lithologically,  they  consist  of  a  dark  sandy,  aomethnes  esrAj 
clay,  of  a  dark  greenish-blue  colour  when  damp,  but  baring  a  mors 
decidedly  green  tinge  when  dried.  The  pebbles  contained  in  it  are 
chiefly  small,  and  consist  of  fragments  of  rocks  from  strata  exposed 
along  the  coast  to  the  northward,  being  derived  principally  from  the 
Lias,  Oolite  and  Chalk,  with  an  occasional  fragment  from  the 
Septarian  nodules  of  the  Speeton  Clay,  and  with  others  from  rodLS  at 
far  greater  distances.  On  the  whole,  it  is  not  nearly  so  pebbly  u 
the  'Purple'  Clay,  for  although  in  some  patches  pebbles  are  very 
plentiful,  in  others  they  are  nearly  absent.  In  one  or  two  places 
there  appear  in  it  what  have  evidently  been  at  some  time  masses  of 
chalk ;  but  these  are  now  so  crushed  and  disintegrated  as  to  re- 
semble streaks  of  rough  pipe-clay. 

Tliese  sandy  clays  form  the  top  of  beds  which  I  identify  as 
the  *  Chalky'  or  *  Basement'  Clay  of  Messrs.  Wood  and  Borne. 
On  referring  to  their  paper,*  the  reader  will  find  that  these  gentlemen 
only  extend  this  division  as  far  north  as  Skipsea,  doubtless  never 
having  witnessed  the  exposure  of  the  beds  on  the  South  Beach 
which  lie  just  above  the  extreme  low- water  mark  of  spring  tides, 
consisting  of  the  same  *  leaden-coloured '  clay,  and  characterized  by 
nearly  the  same  abundance  of  chalk  as  the  '  Basement '  clay 
described  by  them  as  occurring  further  south. 

It  is  in  the  above-mentionecl  sandy  clays  on  the  South  Shore  that  I 
have  found  the  shells  in  question  in  the  greatest  abundance,  though 
I  have  also  actually  obtained  them  from  the  '  Basement '  clay  itself. 

Bearing  in  mind  the  marked  distinction  observable  between  the 
*  Basement '  clay  and  the  *  Purple '  clay,  exhibiting,  as  I  think,  a 
distinct  alteration  of  some  kind  in  the  nature,  and  possibly  in  the 
direction  of  the  glacial  action,  I  was  very  much  surprised  to  find 
that  actually  in  the  Purple  clay  itself,  and  at  heights  varying  up  to 
twenty  feet  above. the  horizon  of  the  sandy  bed  already  described, 
there  were  to  be  seen  fragmenta  of  the  very  same  shells  mixed  up 
with  its  mass,  and  included  in  the  debris  gathered  in  by  the  glacial 
action  which  deposited  this  clay.  It  was  these  fragments  of  shells 
which  I  first  discovered  in  1874,  and  which  attracted  my  attention 
to  the  subject  at  a  time  wh.en  the  '  Bridlington  Crag '  deposit  was 
wholly  invisible. 

Having  identified  the  fragments  in  the  *  Purple '  day  with  the 
shells  found  in  the  '  Basement '  beds,  I  was  led  to  follow  up  the 
^  ^  Qiiart.  Joom.  Geol.  80c.  vol.  zxiy.  p.  170. 
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tnbject  more  extensively;  and  to^my  further  siu'prise  found  frag- 
ments of  the  same  shells  everywhere  on  the  ooast  as  far  north  as 
Whitby,^  beyond  whioh  place  I  have  not  yet  sought  for  them.  And 
it  is  remarkable,  that  wherever  a  double  series  of  days,  as  noticed  by 
Prof.  Phillips,'  can  be  observed,  as  is  the  case  at  Filey,  Cayton, 
Whitby  and  elsewhere,  it  is  in  the  lower  bed  that  the  fragments  are 
always  most  plentiful  and  least  water-worn,  and  this  lower  bed  is 
always  the  darker  in  colour,  generally  of  a  greenish  tinge,  and  very 
distinct  from  the  upper  bed,  whioh  is  usually  of  a  reddish  brown 
colour,  north  of  Flamborough.  This  is  especially  noticeable  in  the 
oliffs  near  Filey,  and  to  the  north  of  the  last-named  locality  there 
exist,  between  the  two  clays,  traces  of  a  bed  of*  laminated  sand  and 
olay  corresponding,  as  I  believe,  to  the  '  snuff-brown  '-coloured  day 
at  BridUngtx)n.  1  was  only  able  to  trace  this  bed  for  a  short  distance ; 
its  thickness  was  about  two  feet 

From  these  facts,  I  think  that  a  representative  of  Messrs.  Wood 
and  Bome's  '  Basement '  Clay  will  be  found  to  exist  to  the  north,  as 
well  as  to  the  south  of  Flamborough,  but  on  this  head  further  in- 
Testigation  is  required. 

The  vast  majority  of  the  shells  found  in  the  sandy  clays  on  the 
South  Sands  at  Bridlington  are  fragmentary.  Some  of  these  frag- 
ments, even  when  found  in  the  sandy  day,  are  quite  water-worn 
and  rounded,  but  more  have  their  angles  as  sharp  as  though  newly 
fractured,  which  is  rarely  the  case  with  those  present  in  the  'Purple' 
olay.  They  are  also  more  abundant  in  some  patches  than  in  others, 
being  generally  most  plentiful  just  below  the  laminated  clay  already 
described.  I  have  given  below  a  tabular  list  of  the  spedes  already 
found  by  me  both  in  these  beds  and  in  the  '  Purple '  day,  and  the 
specimens  have  been  submitted  by  me  to  Dr.  Henry  Woodward  for 
more  critical  examination. 

That  these  shells  are  derived  from  the  same  source  as  those  in 
the  'Bridlington  Crag'  is,  I  think,  unquestionable;  from  which  it 
follows  that  this  '  Crag '  sand,  with  ita  numerous  shells,  lies  in  the 
'Basement'  or  'lead-coloured'  clay,  and  not  in  the  upper  'Purple' 
clay,  as  is  suggested  by  Messrs.  Woiod  and  Bome.' 

There  is  a  very  strong  argument  in  favour  of  this,  by  the  un- 
doubted presence  in  the  'Basement'  clay  at  Dimlington,  further 
south,  of  a  similar  shell-bed,  which  contains  the  same  species,  and  is, 
1  believe,  generally  regarded  as  forming  part  of  the  same  series  as 
the  '  Bridlington  Crag.' 

The  position  of  the  ^Crag'  furnishes  us  with  another  proof,  for  I 
have  myself  witnessed  an  exposure  of  the  upper  part  of  the  '  Base- 
ment '  beds  on  the  North  Beach  beneath  Fort  Hall,  dose  to  the  place 
where  the  '  Crag '  was  first  discovered.  The  same  '  Basement '  clay 
is  again  exposed  on  the  beach  about  800  yards  further  north,  con- 
sisting of  the  same  dark  sandy  clay  with  many  shell-fragments,  and 
overlmd,  as  on  the  South  Sands,  by  the  snuff-coloured  day. 

^  At  which  place  howeyerthey  bad  become  yery  rare. 

*  Quart  Jonm.  Geol.  Soc.  toI.  xziv.  p.  254. 

*  Quart  Jonm.  GeoL  Soc.  toL  xxiy.  p.  149. 
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Again,  patches  of  saud  and  grayel  interstratified  with  and  sur- 
rounded by  the  'Purple'  clay,  are  to  be  found  in  many  places 
in  the  clififs  both  to  the  north  and  south  of  the  town,  and  these  con- 
tain no  shells  whatever ;  whereas,  as  already  mentioned,  those  in- 
cluded in  the  '  Basement '  clay  contain  them  in  abnndanoe,  and  this 
I  refer  to  as  another  argument  in  the  same  direction. 

In  the  tubes  of  the  Dentalia,  and  under  a  perfect  valve  of  an 
AsiarUf  obtained  from  the  sandy  clays  on  the  Sonth  Shore,  was  a 
true  coarse  '  Crag '  sand,  showing  the  character  of  the  bottom  on 
which  these  shells  lived.  Parts  of  the  sandy  clays  (already  mentioned 
as  forming  the  upper  portion  of  the  '  Basement '  clay),  when  dried, 
greatly  resemble  the  true  'Crag'  both  in  colour  and  composition, 
having  the  same  greenish  cast  and  containing  the  same  small  black 
cherty  pebbles. 

From  these  facts,  and  others,  furnished  by  the  direction  of  the 
beds  where  they  disappear  beneath  the  town,  I  think  it  is  evident 
that  the  '  Bridlington  Crag '  forms  a  part  of  the  '  Basement '  and  not 
of  the  '  Purple '  Boulder-clay  series. 

The  *  Purple '  clay,  which  forms  by  far  the  greater  part  of  the 
whole  deposit  along  the  coast,  has  been  so  often  and  so  well  de- 
scribed, that  it  is  almost  needless  to  enter  into  special  details 
respecting  it.  It  is  of  a  dark  purple  to  the  south,  and  of  a  reddish- 
brown  to  the  north  of  Flam  borough,  and  contains  more  and  larger 
rock -fragments  than  the  *  Basement '  clay ;  and  a  large  proportion  of 
these  fragments  have  been  derived  from  a  distance,  masses  from  the 
Coal-measures  being  very  abundant.  Tlie  majority  of  the  fragments 
have  their  angles  only  slightly  rounded,  but  are  often  scored  and 
scratched  in  all  directions. 

In  many  places  in  this  locality,  patches  of  sand  and  gravel  of 
considerable  area  (even  from  80  to  90  yards  in  longitudinal  section) 
occur  in  this  clay ;  and  it  is  a  noteworthy  fact  that,  as  has  already 
been  observed,  no  shells  are  present  in  these  patches,  a  strong  proof 
that  the  fragments  of  shells  which  I  find  in  the  surrounding  clay 
have  been  drifted  or  carried  with  the  other  ingredients  of  the  clay, 
for  had  they  been  living  in  the  neighbouring  waters  during  the 
time  the  *  Purple  *  clay  was  in  process  of  formation,  we  might  have 
reasonably  expected  to  find  their  perfect  remains  in  these  inclosed 
sands,  precisely  as  they  are  found  in  the  sand-beds  in  and  on  the 
'  Basement '  clay. 

The  thickness  of  the  '  Purple  '  clay  in  this  neighbourhood  is  very 
irregular,  and  its  upper  surface  is  deeply  eroded  into  innumerable 
hollows,  which  are  often  partially  filled  with  a  rough  heterogeneous 
gravel,  evidently  in  great  part  derived  from  the  clay  itself,  and  I 
agree  with  Messrs.  Wood  and  Rome  in  concluding  that  the  mass 
has  suffered  extensive  denudation. 

Sparsely  scattered  through  this  clay  from  top  to  bottom  are  the 
shelly  fragments  already  referred  to  as  being  those  which  first  at- 
tracted my  attention  to  the  subject.  They  are  more  water- worn  and 
rounded  than  those  from  the  lower  beds,  and  rarely,  or  never,  ap- 
proach 2}errection,  the  hinge-line  and  umbo  (the  strongest  part)  being 
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generally  all  that  remains.  As  in  the  'Basement'  clay,  these  broken 
shells  are  more  plentiful  in  some  places  than  in  othera,  and  where 
these  patches  occur,  the  shell-fragments  are  scattered  (not  stratified) 
throughout  a  limited  area,  whilst  the  surrounding  day  is  almost 
destitute  of  specimens ;  but  nowhere  are  they  nearly  so  plentiful  in 
this  division  as  in  the  lower. 

In  the  South  Cliff  this  '  Purple '  clay  often  shows  indistinct  lines, 
suggesting  stratification,  and,  indeed,  in  many  places  deserving  that 
name. 

Above  the  gravel  already  mentioned  as  often  covering  the  'Purple' 
clay,  lie  variable  and  inconstant  (as,  indeed,  nearly  all  the  beds 
above  the  clay  are)  beds  of  laminated  sand  and  warp,  sometimes  of 
considerable  thickness. 

The  surfaces  of  the  laminaa  of  both  sand  and  warp  are  often,  as 

•noticed  by  Professor  Phillips,*  curiously  waved,  as  though  broadly 

ripple- marked,  and  in  one  place  I  found  the  plates  of  warp  pitted,  as 

though  by  rain.     At  one  or  two  points  in  the  South  Cliff  the  sands 

are  curiously  contorted  and  cross  bedded. 

Overlying  these  beds  is  generally  a  mass  of  gravel,  chiefly  of 
chalk,  of  a  thicknesf  varying  in  the  South  Cliff  from  half  a  foot  to 
four  feet,  but  to  the  North  of  the  town  it  is  much  thicker ;  and 
this,  except  where  the  fresh- water  marls  intervene,  is  directly  covered 
by  the  surface  soil. 

Before  proceeding  to  consider  the  conditions  under  which  these 
varying  deposits  were  accumulated,  it  will  perhaps  aid  the  reader's 
perception  if  I  lay  before  him  a  summary  of  the  results  I  have  now 
arrived  at  as  to  the  division  of  the  Drift  in  this  locality,  placed  side 
by  side  with  the  typical  one  set  forth  by  Messrs.  Wood  and  Rome  in 
the  paper  already  alluded  to.     (See  table  on  p.  514.) 

The  origin  of  the  beds  lying  above  the  '  Purple '  clay  in  this 
locality  is  not  difficult  of  explanation,  being  evidently  due  to 
intermittent  periods  of  stormy  and  quiet  seas,  of  strong  ocean 
currents  and  placid  lake- waters. 

But  when  we  come  to  consider  the  conditions  under  which  the 
Boulder-clays,  with  their  associated  Sand-beds,  were  formed,  es- 
pecially with  reference  to  the  presence  of  shells  in  their  midst,  we 
meet  with  many  difficulties. 

On  the  one  hand,  the  broken  condition  of  the  vast  majority  of  the 
shells,  the  worn  character  of  many  of  the  fragments,  and  the  way  in 
which  they  are  dispersed  through  the  clay,  would  lead  us  to  suppose 
that  they  had  been  carried  hither  with  the  rest  of  the  materials  of 
which  the  clay  is  formed  (as,  indeed,  evidently  has  been  the  case 
with  those  in  die  'Purple'  clay). 

On  the  other  hand,  the  presence  close  by  of  a  considerable  body  of 
sand  and  shells  (some  with  valves  still  united),  the  entirely  unworn 
character  of  some  of  the  fragments,  and  the  fact  of  sand  still 
remaining  in  the  hollow  of  a  single  valve  of  Astarie,  forbids  the 
supposition  that  such  shells  could  have  been  drifted  from  any 
distance,  unless  indeed  we  can  imagine  them  to  have  been  trans- 

>  Geology  of  Yorkshire,  third  edition,  p.  82. 
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Divisioiis  adopted  by  Messrs.  Wood 
and  Rome,  Quart.  Journ.  Geol. 
Soc.  vol.  xiiT.  p.  147  (omitting 
the  freMhwattr  marUJ, 


Diagrammatic  section  of  the  Drift 
at  Bridlington,  propoeed  by  J. 
Lamplngh. 


Gravel ,  principally  of  Chalk. 


Sands  and  GrraTels. 


Hessle  Bonlder  Clay. 


Hessle  Sand  and  Grayel. 


Purple  Boulder  Clay,  with  Sands 
and  Gravels,  inclosive  of  the 
Bridlington  Crag. 


Sands,  with  Gravel. 


Chalky  or  Basement  Clay. 


Chalk. 


ChAlkjOrmTeL 


Sand,  Waxp,  and  GniTd. 


Hessle  Series  absent  from  the 
immediate  neighbourhood, 
unless  represented  by  the 
lower 


GraveL 


Purple  Boulder  Clay,  with  Sand& 
and  Gravels. 


Locally  a  bed  of  laminated  Clay. 


Bridlington  Crag  Deposit,  consis- 
ting of  Sands  and  Sandv  Cla\-9 


lying  on   and   mingled  with 
the  Basement  Clay. 


Chalk. 


ported  in  an  immense  frozen  mass,  which  is  rendered  highly 
improbable  by  the  fact  that  most  of  the  shells  are  of  deep-water 
species,  and  also  by  the  position  of  the  shells,  with  closed  valve-s,  and 
even,  as  was  witnessed  by  Mr.  Bed  well  (see  subsequent  note),  in 
their  natural  position  as  when  alive. 

The  only  probable  solution  of  this  problem  which  has  presented  itself 
to  me,  is  to  suppose  that  during  the  earlier  periods  of  the  Glacial  epoch, 
a  sandy  sea-bottom  was  formed,  probably  founded  on  the  already 
partially  accumulated  *  Basement  *  clay,  on  which  the  shells  in 
question  lived  and  died  ;  and  that  this  bottom,  during  a  period  of 
extreme  cold,  was  ploughed  up  and  destroyed  by  floating-ice  (coming 
mainly  from  the  north),  which,  melting,  incorporated  the  sand  and 
broken  shells  with  its  own  burden,  consisting  in  part  of  masses 
gathered  on  its  southward  journey.  This  disturbing  process  would 
doubtless  be  often  repeated,  thus  giving  rise  to  the  sandy  clays, 
which  have  already  been  described  as  being  the  stronghold  of  the 
shell -fragments,  and  as  forming  part  of  the  *  Basement'  clay. 

Under  this  view,  the  Bridlington  and  Dimlington   *Crag'  beds 
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must  be  ooQsidered  as  portions  of  this  old  sea-bottom  which  have 
escaped  destruction,  and  I  am  inclined  to  think  that  the  Bridlington 
Crag  beds  include  conditions,  which  render  it  probable  that  its  great 
thickness  and  amassed  appearance  may  have  been  due  to  the  accumu- 
lating power  of  a  huge  meiss  of  ice,  which,  grounding  (and  not,  as 
with  the  smaller  bergs,  merely  grating)  on  a  soft  bottom,  would 
slowly  continue  its  forward  course  for  some  distance,  forced  irresist- 
ibly onward  by  its  immense  momentum  and  the  pressure  of  the  ice 
behind,  and  might  push  before  it  a  constantly  increasing  mass  of 
sand  and  shells  which  might  attain  considerable  proportions  ere  the 
whole  came  finally  to  rest  A  mass  thus  gathered  would  have  its 
greatest  thickness  in  the  centre,  and  would  thin  out  on  either  hand, 
and  this  agrees  with  the  early  descriptions  of  the  'Bridlington  Crag ' 
as  seen  under  Fort  Hall.  This  view  would  also  account  for  the 
numerous  single  and  broken  shells  in  the  '  Crag,'  as  well  as  for  those 
in  which  the  valves  still  remain  united,  as  the  latter  molluscs  might 
remain  alive  during  the  whole  forward  movement,  afterwards  re- 
suming their  natural  attitude  and  becoming  imbedded  in  that 
position.  I  would  also  suggest  this  as  a  partial  explanation  of  the 
admixture  of  species  from  different  life-zones,  as  noticed  by  Dr.  J.  G. 
Jeffreys.* 

Whilst  slowly  melting,  the  ice  would  form  an  impassable  barrier 
to  the  advance  of  the  masses  which  followed,  thus  protecting  the 
sand  and  shells  at  its  landward  edge  from  undergoing  the  crushing 
process,  an  office  which  might  be  performed  by  its  transported 
burden  after  the  melting  of  the  parent  mass.  And,  indeed,  some 
such  explanation  is  needed  to  account  for  the  presence  of  these 
patches  of  almost  incoherent  sand,  of  which  the  main  body  has 
evidently  been  swept  away. 

Then  must  have  followed  a  period  of,  at  any  rate  local,  quiescence, 
during  which  the  snuff-coloured  laminated  clay  was  deposited,  the 
product  of  still  muddy  waters,  probably  of  a  considerable  depth. 
Tliese  conditions  may  have  been  owing  to  some  obstacle  preventing 
the  access  of  ice  to  the  neighbourhood. 

This  was  evidently  again  followed  by  a  return  of  the  ice,  this 
time  probably  the  true  glacial  stream  from  the  north-west,  bearing 
with  it  huge  masses  from  the  granitic  mountains  of  Cumberland, 
and  from  the  Carboniferous  strata  of  the  West  Riding,  with  the 
remains  of  a  few  land  animals^  (chiefly,  perhaps  solely,  of  the 
Mammoth). 

As  has  already  been  observed,  the  '  Purple '  seems  to  be  the  only 
clay  present  on  the  higher  grounds  of  the  coast,  the  '  Basement ' 
beds  not  occurring  very  far  above  the  sea-level,  and  it  is  therefore 
probable  that  during  the  formation  of  the  *  Purple '  clay,  the  lower 
beds  were  swept  away  from  elevated  positions  and  carried  forward, 
to  be  re-deposited  as  a  part  of  the  mass  then  forming.  It  is  to  this 
cause  that  I  would  refer  the  occasional  presence  of  waterwom 

>  Phillips's  Geology  of  Yorkshire,  3rd  ed.  p.  277. 

'  I  have  in  my  posses>ion  part  of  a  Mammoth's  tusk  from  this  division  of  the  clay. 
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fragments  of  marine  shells  in  the  '  Pnrple  *  clay  (which,  as  1  think, 
evidently  came  from  the  landward),  viz.  to  their  having  beet 
derived  from  the  lower  heds ;  the  fact  already  dwelt  upon  of  tiie 
absence  of  shells  from  the  sands  included  in  the  '  Purple '  day  being 
strong  presumptive  evidence  that  they  were  not  truly  contempor- 
aneous. 

It  is  evident  that  the  materials  forming  the  Pnrple  clay  have  been 
dropped  through  waters  of  some  depth  on  to  the  surface  of  the 
laminated  clay,  as  the  nature  of  the  latter  deposit  would  othenriae 
have  caused  it  to  be  readily  swept  away.  As  it  is,  I  nHtnessed  one 
exposure  of  it  on  the  South  Beach  which  showed  remarkable  con- 
tortions, and  to  the  north  of  the  town,  at  the  x>oint  already  referred 
to,  beneath  Sand  Cottage,  it  is  altogether  absent  for  a  short  spttx, 
the  *  Purple^  there  resting  directly  upon  the  'Basement'  cUj. 
Probably  the  glacier,  after  crossing  the  chalk  hills  which  form  tbe 
boundary  of  Holdemess  to  the  north  and  west,  would  readi  deeper 
waters,  and  there,  slowly  melting,  drop  its  burden  quietly  throo^ 
the  waters  of  the  sea. 

In  conclusion,  I  need  scarcely  add  that,  though  in  the  present  stats 
of  our  knowledge  of  the  subject  this  seems  to  me  to  be  the  best  way  of 
accounting  for  the  presence  of  shells  in  the  Yorkshire  Boulder-claya, 
still  I  anticipate  that  further  examinations  will  make  it  necessary 
for  me  to  modify  these  views;  for  much  earnest  work  and  mudi 
patient  study  has  yet  to  be  done  before  the  origin  of  these  clays  is 
really  settled ;  and  if,  in  the  mean  time,  I  have  added  but  a  little  to 
the  slowly  accumulating  mass  of  information  on  tbe  subject,  I  shall 
feel  richly  rewarded. 

List  of  Shells  from  the  Upper  Part  op  the  *  Basement  *  Clay  (poRMSfG 
PART  OF  '  Bridlington  Crag  '  Deposit)  at  Bridlington,  as  exposed  3 
THE  South  Sands.  Examined  and  partly  detersuned  by  Da.  H. 
Woodward,  F.R.S. 

Those  which  occur  also  in  the  *  Purple '  clay  are  marked  with  an 
asterisk.  ITiose  marked  with  a  dagger  are  additional  species 
obtained  by  me  from  the  lower  clay  at  Filey  and  Cayton.  Should 
this  bed  prove  to  be  merely  a  sub-division  of  the  *  Purple  *  clay  (the 
opinion  held  by  Messrs.  Wood  and  Rome),  the  shells  thus  marked 
will,  of  course,  go  to  increase  the  list  of  those  already  obtained  from 
the  *  Purple  *  clay.  (The  prefixed  c,  denotes  the  shells  which  are 
common.) 


Pt'cten  opercidarift,  Linn. 
Nucula  Cobboldifp^  Leathes. 
^Lida  rostrata,  Fkm. 
Peclunculus  glyeimeriSf  Linn. 
Cardium  cdulc^  Linn. 

,,        Parkwsoni,  ^hy.? 
,,         Grwnlandicutn,  Chcmn.  P 
c  *Cyprwa  IsJandica^  Linn. 
*Astarte  elliptica^  Brown. 
„       con*presf<n^  Montagu. 
c  •      ,,      borealisy  Chemn. 


c*TeUina  solidula^  Pulteney. 
c  *       „     obliqun,  Sby. 
Mya  truncnfa  ?  Linn, 
t       „     aretiatia?  Linn. 
fZutraria  ellipUeo,  Lam. 
Saxieara  rvgosOy  Linn. 
rhola»  erispata^  Linn. 
*Iientalium  entah,  Linn. 
Troehuu  ziztphifius,  I^inn.  ? 
Uuccihum  twdatuin^  Linn. 
fHalatius  erenafusj  Brug. 


t      „  Sp.  I  „        tintinnabuium,  Linn. 

Vmui  (F) 
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NoTB. — It  will  be  seen  that,  with  one  or  two  exceptions,  the  commoner  shells 
alone  are  met  with  in  the  '  Purple  '  clay,  as  might  be  expected  from  the  theory  here 
idvanced  as  to  their  origin. 

The  rarity  of  the  remains  of  nniyalYes  in  these  clays  is,  doubtless,  owing  to  the 
character  of  their  shells,  which  are  more  liable  to  be  crushed  than  are  the  biyalyes, 
eonsequently,  half  a  dozen  fragmentary  ColmneUay  and  the  body-whorl  of  a  Buceinuntf 
are  the  only  traces  of  Gkuteropods  that  I  have  found.  [Two  fragments  of  deriya- 
tive  fossil  shells  may  be  mentioned,  one  of  Productm  from  the  Carboniferous 
Limestone,  the  other  of  Inoeeramut  from  the  Ch^.  Of  the  61  fra^ents  supposed 
to  be  distinct,  more  than  half  still  remain  undetermined.  Probably  many  of  these 
may  yield  additioual  information  when  further  studied. — H.W.] 


V. — ^NOTKS   ON   THE   BbIDLINOTON   OrAO   AND    BOT7LDEB-0LAY. 
By  F.  A.  Bmxwbll,  M.A.,  F.G.S.,  P.R.M.8. 

IT  is  with  great  pleasure  that  I  add  a  few  remarks  to  Mr.  Lamp- 
lugh's  paper.  His  observations  are,  I  think,  highly  important, 
and  will,  I  anticipate,  be  found  to  do  great  credit  to  the  intelligence 
and  powers  of  observation  of  a  very  young  and  entirely  self-taught 
naturalist 

The  story  of  the  Bridlington  Crag  is  given  in  a  paper  by  Dr.  S.  P. 
Woodward  in  the  Geological  Maqazinb,  Vol.  I.  p.  49  (1864),  which 
affords  details  of  the  various  notices  and  a  valuable  list  of  shells  in 
the  Bridlington  Crag,  with  an  instructive  table,  in  which  the  list  is 
compared  with  that  of  the  Coralline,  Bed,  and  Norwich  Crags,  and 
with  the  glacial  deposits  and  living  specimens.^ 

My  own  observations  on  this  deposit  began  in  1875 ;  in  March  of 
that  year  I  found  a  TeUina  about  high- water  mark  in  a  Blue  glacial 
clay  forming  the  surface  of  the  shore  close  to  a  cut  leading  down  on 
to  the  North  Sands,  and  called  Sand  Lane,  near  an  Hotel  called  the 
Alexandra.  The  actual  clifT  where  the  bed  was  seen  in  1821  and 
1835  has  long  since  been  washed  away.  That  cliff  lay  about  150 
feet  to  the  eastward  of  a  house  now  occupied  by  me,  and  called  Fort 
Hall.  This  house  stands  300  yards  north  of  the  pier,  on  the  edge  of  a 
cliff,  now  bricked  up  with,  and  concealed  behind,  a  wall  erected  to 
pi-eserve  the  house.  As  the  spot  where  I  found  the  TelUna  was 
over  500  yards  to  the  north  of  my  house  along  the  sands,  1  was  led 
to  conclude  that  ihe  Bridlington  Crag  was  of  a  much  more  extended 
character  than  was  suggested  by  geological  writers.  In  the  same 
month  I  also  found  some  of  the  same  fossil  TelUna  on  the  South  Shore 
thrown  up  on  the  sand  by  the  waves,  and  fastened  together  by  the 
Byssus  threads  of  living  mussels.  These  had  come  from  the  mussel- 
beds  which  extend  widely  over  Bridlington  Bay  at  about  a  quarter  of 
a  mile  from  the  shore,  and  their  presence  suggested  an  extension  of 
the  Crag-bed  considerably  to  the  eastward  and  southward.  At  this 
time,  March,  1875,  there  was  no  exposure  of  the  clay  on  the  north  or 
south  shores  of  any  extent,  but  in  Deoember,  1875,  a  south-east  gale 
one  night  stripped  off  the  sand  on  the  North  Shore  before  my  house, 
and  1  then  saw  the  remains  of  the  true  Crag-bed  lying  on  the  shore, 
and  occupying  as  a  horizontal  section  the  area  which  had  been  once 
covered  by  the  cliffs  now  destroyed,  and  in  which  the  Crag  was 

^  The  hear's  tooth  referred  to  in  Dr.  Woodward's  paper  is  now  in  my  possession. 
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originally  seen.  I  obtained  a  collection  of  shells  and  black  nodnles 
from  the  spot,  but  none  of  any  fresh  species.  What  I  considered  of 
most  importance  was,  that  I  saw  the  horizsontal  section  of  the  beik 
for  myself,  and  observed  that  the  complete  bivalved  shells,  wlii(^ 
were  numerous,  lay  horizontally  and  showed  no  signs  whatever  of 
disturbance,  and  I  concluded  then,  and  still  think,  that  they  died 
and  lived  very  near  to  where  1  found  them.  The  beantifol  Nwcd^ 
CohholdicB  in  particular  occurred,  with  both  valves  perfect,  while, 
delicate  as  it  is,  it  had  never  been  assailed  by  any  force  so  applied 
as  to  injure  its  exquisitely  ornamented  shell.  The  Pholas  crispaUi, 
which  was  exceedingly  plentiful,  was  found  invariably  as  a  doable 
shell,  and  indeed  1  have  never  seen  a  specimen  yet  of  a  single 
separated  valve  of  that  shell.  Attarte  horealis  too,  aud  ScLxicaea, 
were  frequently  double. 

The  order  and  position  of  the  bed  on  the  North  Sands  as  thns 
seen  by  me  in  December,  1875,  exactly  oorresponds  with  that  above 
given  by  Mr.  Lamplugh  for  the  southern  extension.  On  the  North 
Shore  it  lies  on  the  Blue  clay,  that  is,  the  *  Basement  *  clay  of  Wood 
and  Home.  It  lies  below  the  snuff-coloured  laminated  clay,  while  ih^ 
'Purple'  clay  of  Wood  an<l  Rome  lies  above  the  snufif-coloured 
clay.  As  seen  by  me  on  the  North  Shore,  the  Crag  sand,  which 
was  very  marked  in  its  character,  lay  in  mottled  streaks  in  the  Blue 
clay.  I  traced  it  over  a  horizontal  area  of  about  20  by  100  yards. 
The  Blue  clay  was  always  quite  distinct,  and  there  were  no  signs 
of  a  transitional  bed  from  one  to  the  other.  The  fossils  were  mostlv 
met  with  in  the  sand,  but  I  found  a  Cyprtna  Islandica  in  the  '  Base- 
ment *  clay  itself  three  to  four  inches  below  the  exposed  surface, 
and  I  feel  quite  satisfied  that  it  lay  in  a  *  natural '  bed  and  not  in  a 
*  derivative  *  one.  Tlie  bed  on  the  North  Sands,  as  described  hv 
Mr.  Bean,  and  when  seen  in  vertical  section  by  him  in  183o  in  the 
exposed  cliff  side,  was  "  a  heterogeneous  mass  only  a  few  yards  long 
and  as  many  high^  comixjsed  of  sand,  clay,  marine  shells,  and  2>ebble8 
of  every  description."  ^  Tliis  description  gives  the  bed  a  consider- 
able perpendicular  altitude ;  but  whether  that  portionof  the  bed  as  so 
seen  was  the  result  of  local  ocean  "  sweepings"  or  not  we  cannot  now 
be  certain  ;  but,  from  what  I  was  told  by  a  local  geological  collector, 
now  dead,  the  late  J.  Tindall,  who  saw  the  bed,  I  am  inclined  to  think 
that  it  was  so,  for  he  stated  quite  positively  to  me  that  at  the  spot 
seen  by  Bean  there  was  no  glacial  clay  whatever  above  the  bed  of 
sand  in  which  the  fossils  were  found — this  miglit  indicate  a  creek  or 
recess  in  the  then  shore-line  into  which  the  accumulation  had  been 
drifted.  Prof.  Sedgwick,  too,  in  1821,  says  he  might  easily  have 
filled  a  wheelbarrow  with  specimens,  thus  again  denotii^  a  pile  of 
shells  heaped  near  together. 

The  independent  observation  which  I  made  in  December,  1875, 
was  soon  brought  to  an  end,  as  the  sand  rapidly  returned  and  hid 
the  bed  again,  and  it  has  not  been  exposed  since.  I  made  no  use  of 
the  observations  thus  obtained,  because,  in  the  face  of  Mr.  TindalFs 
information,  I  was  much  perplexed  as  to  the  true   stratigraphical 

^  See  Bean,  quoted  by  Woodward  (/.  e.). 
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position  of  the  bed ;  for  while  he  most  positively  assured  me  that 
there  was  no  Purple  clay,  or,  indeed,  glacial  clay  of  any  kind  at  all 
over  the  bed,  and  also  that  it  lay  above  the  snuff-coloured  clay, 
Wood  and  Rome,  on  the  other  hand,  placed  the  bed  in  the  Purple 
olay  itself,  and  yet  my  own  observations  placed  it  below  the  'Purple  * 
olay  and  the  snuff-coloured  clay,  and  on  the  '  Bsisement '  clay.  At 
the  same  time,  the  extent  of  the  bed,  as  shown  by  the  specimens 
found  by  me  at  a  distance,  formed  an  additional  difficulty.  But  Mr. 
Lamplugh's  observations  have  cleared  up  all  my  doubts  on  these 
points,  and  the  recent  exposure  on  the  South  Sands,  which  I  have 
inspected,  quite  confirms  my  observations  on  the  North  Shore 
in  1875.  I  go  further  than  Mr.  Lamplugh,  and  I  think  the  South 
Sands  Beds  are  conterminous  with  the  Northern,  and  that  the  snuff- 
ooloured  clay  is  a  leading  guide  on  this  point 

But  the  incident  which  strikes  me  as  most  remarkable  and  in- 
structive in  Mr.  Lamplugh*s  observations  is  the  fact  that  he  has 
found  fragments  of  Crag  shells  extensively  scattered,  through  the 
Purple  clay,  over  so  large  an  area.  Many  of  such  fragments  at 
Bridlington  actually  lie  in  the  cliff  as  high  as  twenty  feet  above 
the  horizon  in  which  they  must  have  been  originally  deposited,  if 
we  refer  them  originally  to  the  horizon  of  the  true  Crag  bed.  I 
oould  hardly  believe  his  statement  when  I  first  heard  it,  because  all 
appearances  were  against  it,  and  because  I  had  myself  hunted  the 
Purple  clay  for  shells  in  1875,  and  quite  failed  to  find  any.  That 
Mr.  Lamplugh  is  right,  there  is  no  doubt,  and  my  eyes,  once 
educated  by  him  to  find  them,  soon  discovered  the  fragments.  As 
a  rule,  they  are  very  small,  and  easily  overlooked  by  any  person 
who  does  not  read  a  cliff  with  such  exhaustive  and  intelligent  ex- 
actness as  characterizes  Mr.  Lamplugh*s  observations.  I  have  since 
myself  found  a  TelUna,  nearly  perfect,  in  the  Purple  clay  of  the 
cliff,  quite  twenty  feet  above  the  true  Crag-bed  horizon,  and  about 
600  yards  distant  from  the  spot  where  that  bed  was  first  seen. 

The  association  of  these  fragments  of  shells  with  the  Purple  clay 
seems  to  me  to  point  to  two  distinct  '  sets '  or  *  tides '  of  glacial 
action  meeting  on  the  area  which  the  Purple  clay  occupies,  because, 
while  the  bovldera  in  the  Purple  clay  evidence  a  movement  from 
the  north-west,  these  fragments,  to  my  mind,  are  evidence  of  another 
movement  from  the  eastward.  I  cannot  at  present  agree  with  Mr. 
Lamplugh*s  implication  that  these  shells  represent  a  Crag  deposit  re- 
moved by  the  glacier  that  brought  down  the  Purple  clay,  because, 
if  ever  these  shells  had  got  incorporated  into  the  glacier,  they  would, 
like  everything  else  of  so  weak  a  structure  that  it  removed,  have 
been  comminuted  by  it,  and  converted  into  the  finest  debris,  di- 
gested, in  fact,  by  its  masticating  grasp,  and  I  should  attribute  the 
presence  of  the  shells  rather  to  the  long  continuance  of  a  process  of 
'churning,'  that  churning  being  the  result  of  opposing  forces,  one 
from  the  land  of  a  glacial  character,  and  the  other  from  the  sea 
opposing  the  glacier  with  an  accumulation  of  shore  or  broken  ice. 

The  absence  of  boulders  of  any  magnitude  in  the  '  Basement '  or 
blue  clay,  and  the  fine  quality  of  that  clay,  speaks  of  a  glacier  which 


520  F.  A,  BedwH—Om  tie  BndKMgton  Crag,  tie. 

hid  either  do  hoalden  to  drop,  or  which  had  dropped  the  larpr 
pan  before  it  reached  the  spot  where  the  blue  clay  ia  deposited. 

The  *Ciag'  shells  lying  on  the  blue  clay  speak  of  a  set  dap 
enough  to  be  remored  from  the  aooees  of  ice  forces. 

The  presence  of  the  '  sand '  speaks  of  the  proximity  of  a  creek,  or 
sea-beaich,  or  bay  unassailable  by  ice  forces  (compare  Speeton  ibeU- 
bed  referred  to  sabseqnently). 

The  '  snnff  '-coloared  clay  aboTe  the  Crag,  with  its  laminitiooi 
and  remarkable  tenacity,  speaks  of  a  glacier  very  powerfol  n  i 
oomminating  agent,  and  of  a  transporting  force  w^hich  had  left  all 
large  particles  of  CTery  kind  behind  it,  and  of  g^vity  acting  witk- 
oat  interference. 

Then  the  '  Purple '  clay  represents  a  farther  variety  of  ice  action* 
which  observers  experienced  in  ice  forces  as  exhibited  in  Arctic  Seis 
will  alone  be  able  to  realize.  But,  as  above  suggested,  I  should  refer 
it  to  a  tidal  churning,  a  repeated  freezing  and  thawing,  and  to  shore- 
ice  just  beginning  to  attack  the  debris  of  a  retreating  glacier,  and  in 
doing  so  disturbing  the  bottom  on  which  that  debris  lay,  and  thus 
tearing  up  the  Crag  sheUs  here  and  there,  and  even  possibly  in 
places  depositing  them  in  a  heap  above  the  '  snuff  '-coloured  clay. 

That  the  shore-line  has  been  very  gradually  and  extensively 
elevated  we  see  from  the  cliffs,  and  the  Crag  must  clearly  hsTe 
been  raised  several  fathoms  to  reach  its  present  horizon  on  the  shore- 
line, and  this  also  supports  the  views  expressed  above. 

Over  the  '  Purple  *  clay,  and  here  and  there  in  the  '  Purple  *  clay, 
come  the  *  gravels,*  roughly  stratified  in  places,  but  representing  a 
restless  force  which  was  perpetually  changing  the  direction  in  which 
it  acted,  and  continually  interfering  with  gravitetion.  These  gravels 
seem  to  suggest  shore  ice  predominating,  and  having  the  coast-liDO 
to  itself,  because,  while  the  entire  absence  of  all  shells  from  these 
gravels  is  very  striking,  the  presence  of  minute  fragments  of  coal 
clustering  together  precisely  as  now  seen  on  an  ordinary  sand  beach, 
is  equally  noticeable.  Particles  of  coal  cling  together  when  washed 
up  by  the  sea  on  a  shore-line  with  a  pertinacity  which  has  always 
struck  me  as  most  remarkable,  and  you  see  numerous  beds  of  such 
fragments  in  these  gravels,  denoting  a  *  vehicle  of  flotetion,'  so  to 
speak.  You  do  find  coal  in  the  *  Purple  *  clay,  but  it  is  in  large 
pieces,  so  that  in  these  gravels  I  see  water  action  of  some  kind 
combined  with  a  force  inimical  to  life. 

The  whole  line  of  action  would  thus  represent  a  gradual  elevation 
of  the  land  and  a  retreat  of  a  glacier. 

Closely  connected  with  this  subject  is  the  interesting  bed  of  recent 
fossils  found  by  Messrs.  Bean  and  Phillips  in  the  Speeton  Cliffs,  100 
feet  above  the  shore-line.*  I  have  examined  this  bed,  which  is 
almost  entirely  concealed  (masked)  by  a  layer  of  *  Purple '  clay  that 
has  dripped  down  from  above  and  covered  the  face  of  the  bed  an 
inch  thick.  On  picking  this  off,  a  beautiful  bed  of  sand  is  disclosed 
about  twenty  feet  deep.  I  traced  the  bed  to  its  foundation,  and  at 
ite  basement  found,  in  addition  to  the  shells  mentioned  by  Phillips, 
^  1  Phillips,  p.  101. 
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a  large  supply  of  mussels.  This  bed  in  my  opinion  was  like  the 
'  Bridlington  Crag '  at  the  base  of  the  '  Parple '  clay.  The  existence 
of  fragments  of  shells  in  the  representative  of  the  *  Purple'  clay 
along  the  shore  as  far  north  as  Whitby,  and  pointed  out  by  Mr. 
Lamplugh,  is  most  remarkable,  and  suggests  a  wide  extension  of 
such  shells  antecedent  to  the  deposition  of  the  '  Purple '  clay,  and 
he  will  by  further  researches  at  Speeton,  Dimlington  and  other 
localities,  be  able  hereafter  to  throw  additional  light  on  a  subject  to. 
which  his  present  paper  has  given  a  new  and  special  interest 


ITOTIOES      OIF      nSdlEl^OII^S. 

On  the  Thermal  Sources  of  Cablsbad,  North-west  Bohemia. 
By  F.  VON  Hoohstetteb  and  P.  Tbllbb.  (Proceedings  Imper. 
Acad.  Vienna,  March  14,  1878.) 

THE  recent  demolition  of  a  house  has  led  to  the  discovery  of  a 
remarkable  geological  fact—the  existence  of  a  peculiar  zone, 
about  fifteen  to  twenty  metres  broad,  between  the  steep  pyritose 
granite,  with  frequent  veins  of  homstone,  on  which  the  Town  Tower 
stands,  and  the  similarly  pyritiferous  granite  cropping  out  beneath 
the  terrace  of  the  Schlossberg.  This  zone  is  filled  up  with  a  breccia 
of  granite  and  homstone,  with  thermal  waters  circulating  every- 
where within  its  fissures,  and  depositing  on  their  inner  surfaces 
crusts  and  veinules  of  aragonite,  some  of  them  1^  m^tre  thick. 
The  temperature  of  ^e  whole  zone  is  high,  on  account  of  the  warm 
water  and  steam  issuing  out  of  every  cleft  and  crevice. 

The  situation  of  this  breccia  band,  as  also  the  direction  of  the 
veins  of  homstone  in  the  granite,  leads  to  the  conclusion  that  this 
thermal  zone  extends  northwestward  to  the  SchLoBB-Brunnent  and 
southeastward  to  the  Sprudel  Begion  proper,  in  the  bed  of  the 
River  Tepl.  Thus  the  views  announced  in  1856  by  Professor  von 
Hochstetter,  who  affirmed  that  the  chief  Sprudel  fissure  lies  in  a 
N.W. — S.E.  direction,  have  again  been  confirmed.  Count  M. 


Thc  Geology  of  Sussex;  ob  the  Oeology  and  Fossils  of  the 
Tbbtiaby  and  Cbetaoeous  Fobmations  of  Sussex.  By  the 
late  Fbedebick  Dixon,  Fsq.,  F.G.S.  New  Edition.  Bevised 
and  Augmented  by  T.  Bupebt  Jones,   F.B.S.,  F.G.S.,  etc., 

Profenor  of  Geology,  Staff  College,  Sandhont;  aided  by  Professor  Owbn, 
C.B.;  Sir  Philip  Orbt-Eobrton,  Bart.,  M.P.  ;  and  Messrs.  Carrcthers, 
Davidson,  Ethbridob,  John   Evans.  D.C.L.,  John   Morris,  Newton, 

SOLLAS,  TOPLBY,  £.  H.  WiLLETT,  H.  WiLLBTT,  H.  WOODWARO,  T.  WRIGHT, 

M.D.,  and  other  scientific  friends. 

4to.  pp.  xxiv.  and  470.  Illustrated  by  64  Plates  and  74 
Woodcuts.     Brighton  :   William  J.  Smith,  1878. 

IN  the  early  half  of  this  century  County  Histories  were  greatly  in 
vogue,  and  as  geologists  are  not  altogether  free  from  a  tendency 
to  follow  the  prevailing  fashion  of  the  time,  we  find  such  books 
appearing  as  "Phillips's  Geology  of  Yorkshire;"  "Woodward's 
Geology  of  Norfolk ; "  "  Mantell's  Geology  of  Sussex ; "  "  Mantell's 
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Geology  of  the  Isle  of  Wij^kt ;"  and  "  Dixon's  Geology  of  Sussex." 
Of  these  geological  histories  of  English  Coimtiefl,  that  of  Dixon  is 
certainly  among  the  most  important  hitherto  attempted. 

It  is  seldom  the  good- fortune  of  a  deceased  author  to  enjoy  endi 
advantages  for  his  unpublished  work  as  fell  to  the  lot  of  the  late  Mr. 
Fretlerick  Dixon. 

That  gentleman  died  before  the  completion  or  issae  of  the  fint 
edition,  which  was  brought  out  under  the  aaspices  of  Professor 
Owen,  who  kindly  acted  as  Editor.  The  second  edition  enjoys  tbe 
advantage  of  the  editorial  direction  of  one  who  was  long  dis* 
tinguished  as  the  Editor  of  the  Quarterly  Journal  of  the  Geological 
Society  of  London,  and  has  since  prepareil  for  the  press  the  beautiful 
memorial  work  of  Messrs.  Lartet  and  Christy,  "Reliquim  Aqmlanica^"] 
and  that  remarkably  compendious  volume  *'  The  Arctic  Manual/'  s 
most  exhaustive  work  on  polar  geology  and  physiography. 

The  new  edition  of  Dixon*s  Geology  of  Sussex,  just  issued  at 
Brighton,  promises  for  the  work  a  fresh  lease  of  life  and  a  long  Hst 
of  appreciative  readers  and  subscribers.  For  the  new  edition  is  not 
a  mere  corrected  reprint  of  the  old  work,  but  a  new  work  altogether. 

It  is  gratifying  to  see  again  on  the  title-psjire  the  names  of 
Professor  Owen — the  Editor  of  and  a  large  contributor  to  the  first 
edition,  which  appeared  in  I80O,  and  Sir  Philip  Grey-Egerton,  al^ 
one  of  the  original  contributors ;  whilst  a  goodly  list  of  new,  bat 
well-known,  names  of  geological  writers  has  been  added  to  the  title- 
p\ge,  and  their  contributions  incorporated  in  the  volume  itself. 

ITie  leailiug  feature  of  the  first  edition  was  its  palaeontology ;  this 
has  been  greatly  strengthened  by  the  addition  of  much  new  and 
im(HDrtant  material. 

For  example :  in  Fossil  Botany  we  have  two  valuable  contri- 
butions on  Tertiary  Plant- remains,  and  on  the  Flora  of  the  Cre- 
taceous formation,  by  W,  Carruthers,  F.R.S.,  F.L.S. 

The  Protozoa  and  Rhizopoda  have  also  received  attention.  The 
Foraminifera  from  the  Tertiary  and  Cretaceous  deposits  being  care- 
fully described  by  Professor  T.  Rupert  Jones,  F.R.S. 

The  Ventriculites  form  the  subject  of  a  special  article  by  Mr.  W.  J. 
Sollas,  M.A.,  F.G.S.  Tlie  typical  Cretaceous  Invertebrate  Fossils 
of  Sussex  are  more  or  less  fully  described  and  figured.  Their 
illustration  occupying  forty-three  plates — of  these,  nineteen  plates 
have  been  added  since  the  first  edition  of  Dixon,  being  the  original 
figures  and  plates  from  MantelPs  Fossils  of  the  South  Downs. 

ITie  Tertiary  Mollusca  have  been  brought  up  to  date  by  references 
to  the  works  of  F.  E.  Edwards  and  Deshayes,  and  by  copious  lists 
of  characteristic  species.  Tlie  Post-Tertiary  Mollusca  have  also 
been  carefully  noticed. 

Tlie  Echinoderms  have  been  i>artly  revised  by  Dr.  Thos.  Wright, 
F.R.S.E.,  F.G.S. 

The  Crustacea  more  fully  by  Dr.  H.  Woodward,  F.R.S.,  F.G.S., 
who  also  describes  and  figures  a  new  Cretaceous  form. 
^Jlie  Fossil  Fishes  of  the  Tertiary  and  Cretaceous  formations  have 
H^  revised  by  Su:  Philip  Grey-Egerton,  Bart,  M.P.,  F.R.S.,  and 
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Mr.  E.  T.  Newton,  F.G.S.,  who  have  added  muoli  yalaable  additional 
matter  to  this  section  of  the  work. 

Professor  Owen  has  revised  the  Beptilian  portion  throughout,  and 
added  a  note  on  Iguanodon  (p.  428). 

The  Antiquities — both  Historic  and  Pre-historic — have  been  care- 
fully revised,  and  also  somewhat  added  to.  The  Coins,  etc.,  by 
Dr.  J.  Evans,  F.R.S.,  and  C.  Roach-Smith,  Esq.,  F.8.A.  Whilst  the 
discovery  of  a  Palaeolithic  implement  at  Portislade,  and  an  account 
of  the  Sussex  Hill-Forts  and  Flint-implement  Factory  at  Cisbury,  is 
given  by  Mr.  Ernest  H.  Willett,  F.S.A. 

The  weakest  part  of  the  original  work  was  probably  the  geology. 
This  is  now  entirely  obviated.  The  opening  chapter  gives  an  ex- 
cellent and  dearly-written  account  of  the  general  geographical  and 
geological  features  of  the  County  of  Sussex  by  the  Editor,  Professor 
T.  Rupert  Jones,  F.R.S. ;  illustrated  by  a  charming  map  of  the 
County  coloured  geologically  (measuring  28in.  by  lOin.),  with  a 
section  from  the  English  Channel  to  the  Isle  of  Sheppey,  by  W. 
Topley,  F.G.S. 

The  Newer  Tertiary,  Post-Tertiary,  or  Quatemaiy  beds  of  Sussex 
are  fully  described  after  Godwin-Austen,  Prestwich,  Mantell,  Bell, 
and  others. 

The  Tertiary  beds  of  Bracklesham,  etc.,  in  addition  to  F.  Dixon's 
description,  have  added  to  them  the  accounts  of  Dr.  Bowerbank 
and  the  Rev.  0.  Fisher,  M.A.,  F.G.S. 

The  Newhaven  Beds  are  described  after  Professor  Prestwich, 
F.RS.,  and  Mr.  W.Whi taker,  B.A.,  F.G.S. 

The  chapters  on  the  Chalk  Formation  have  been  entirely  revised 
and  modified  according  to  our  present  knowledge. 

The  description  of  the  Wealden  and  other  strata  of  East  Sussex 
forms  an  entirely  new  chapter :  whilst  Mr.  Topley's  account  of  the 
Sub- Wealden  trial  boring,  and  its  results  to  science,  will  form  a 
permanent  memorial  of  that  interesting  attempt  to  solve  the  geologi- 
cal structure  at  the  base  of  the  Wealden  series.  Besides  the  large 
number  of  entirely  new  chapters  which  have  been  added  to  the 
work,  no  page  can  be  referred  to  which  has  not  been  enriched  by 
some  new  facts  carefully  and  correctly  placed  by  the  judicious 
Editor.  Every  author  writing  on  subjects  bearing  upon  the  geology 
or  palaeontology  of  Sussex  since  1850,  will  be  gratified  to  find  his 
observations  quoted  in  their  appropriate  chapter ;  whilst  the  copious 
index  renders  the  work  at  once  easy  and  convenient  for  reference. 

The  Editor,  in  every  case,  marks  new  matter  added,  giving  the 
authority  cited,  and  so  careful  has  he  been,  that  even  a  word 
inserted  is  put  into  square  brackets  to  show  that  it  is  new. 

We  may  fairly  congratulate  Mr.  William  J.  Smith,  the  Brighton 
publisher,  who  has  ventured  upon  the  undertaking  of  this  New 
Edition  of  ''  Dixon's  Geology  of  Sussex,"  and  we  can  but  hope  that 
the  task  so  ably  carried  to  its  completion  by  Professor  T.  Rupeit 
Jones  may  be  appreciated  by  a  large  circle  of  geological  friends,  not 
only  in  the  County  of  Sussex,  but  throughout  Great  Britain  and 
abroad,  among  the  many  foreign  geologists  who  take  a  lively  interest 
in  English  scientific  literature.  ^ « 
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SIR    RICHARD    JOHN    GRIFFITH,    BART., 

LL.D.,   F.R.S.En   F.G.8.,    M.IN8T.C.E.,    M.R.I.A. 
BoBK  27  Septembbr,  1784;  Died  22  Septembsb,  1878. 

IN  tbe  early  days  of  tbe  present  oentary,  Greology,  like  the  " Bark 
Continent/'  was  bat  little  known,  and  every  man  was  bis  own 
guide  in  tbe  new  science.  Beads  were  few  and  imperfect,  and 
gaides  were  wanting;  wbilst  barriers  of  ignorance  and  prejudice 
blocked  tbe  way  at  the  very  outset 

Now  all  is  changed — tbe  pioneers  of  our  science  have  done  their 
work  grandly  and  well,  and  prejudice  has  given  place  to  favour  and 
public  recognition.  But  by  far  the  larger  number  of  those  grand 
original  workers  and  thinkers,  to  whom  we  owe  so  much,  have 
laid  down  their  hammers  and  pens  and  have  passed  away. 

To  the  names  of  William  Smith,  Greenough,  MaoCullocb,  De  la 
Beche,  Scrope,  Lyell,  Sedgwick,  Murobison,  Phillips,  must  now  be 
added  that  of  tbe  venerable  Sir  Bichard  Griffith. 

Bom  in  Hume  Street,  Dublin,  on  tbe  27th  September,  1784, 
Bichard  Griffith  was,  at  an  early  age,  placed  by  his  father  in  the 
best  public  school  in  that  city,  and  later  on,  in  1797,  he  proceeded 
with  his  studies  under  the  tuition  of  tbe  Bev.  Mr.  Moore,  of  Donny- 
brook.  As  soon  as  tbe  completion  of  his  education  permitted,  he 
obtained  a  commission  in  the  Irish  Artillery ;  but  when,  after  the 
Act  of  Union  had  passed,  tbe  Irish  Artillery  became  merged  in  the 
British  forces,  bis  father  conceived  it  to  be  more  to  his  son's  advan- 
tage that  he  should  resign  his  commission  and  devote  himself  to 
Civil  Engineering  and  Mining.  In  order  to  prosecute  bis  studies 
more  successfully,  he  visited  Cornwall,  where  he  had  the  good  fo^ 
tune  to  obtain  an  early  reputation  for  acumen  by  discovering  at  the 
Dalcoath  mine  rich  ores  of  nickel  aQd  cobalt,  which  bad  previously 
been  rejected  as  of  no  value.  Lord  Dunstanville,  the  owner,  was  so 
delighted  at  the  discovery,  that  be  proposed  to  make  Lieutenant 
Griffith  general  manager  and  superintendent,  but  be  modestly  de- 
clined, preferring  to  extend  the  range  of  his  knowledge  by  a  care- 
ful survey  of  the  mining  districts  of  Derbyshire,  Yorkshire,  and 
Northumberland.  Thence  he  continued  the  pursuit  of  practical  mining 
and  surveying  into  Scotland,  studying  for  a  time  in  Edinburgh  under 
such  eminent  men  as  Sir  James  Hall,  Professors  Playfair,  Jameson, 
Hope,  and  others.  Here  his  rising  abilities  were  held  in  such  high 
estimation,  that,  at  the  early  age  of  23,  he  was  unanimously  elected 
a  Fellow  of  the  Boyal  Society  of  Edinburgh.  In  1808  he  returned 
to  Ireland,  and  commenced  his  professional  career  by  the  publica- 
tion of  a  work,  under  the  auspices  of  the  Boyal  Dublin  Society, 
entitled  "  Geological  and  Mineralogical  Examination  of  the  Leinster 
Coal-field,"  which  was  completed  in  1814.  In  1809,  the  Commis- 
sion appointed  to  inquire  into  the  practicability  of  drainine^  and  im- 
proving tbe  peat-bogs  and  mosses  of  Ireland,  selected  Mr.  Griffith  to 
be  one  of  their  engineers.  In  1812  his  Surveys  and  Beports  were 
published  by  authority  of  Parliament.  He  was  at  this  time  ap- 
pointed to   succeed   the  late  eminent   Chemist  and   Mineralogist, 
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Eichard  Eirwan,  as  Inspector-General  of  His  Majesty's  Mines  iu 
Ireland. 

After  the  famine  in  the  South  of  Ireland,  in  1822,  he  was  em- 
ployed by  the  Marquis  Wellesley,  then  Lord-Lieutenant,  to  improve 
and  construct  roads  in  the  counties  Cork,  Kerry,  and  Limerick,  a 
task  which,  had  it  been  Mr.  Griffith's  sole  achievement,  was  carried 
out  so  successfully  as  to  merit  the  highest  praise.  Whilst  engaged 
on  this  laborious  undertaking,  he  constructed  two  hundred  and  fifty 
miles  of  new  roads  through  a  mountainous  district,  previously  quite 
inaccessible,  and  the  favourite  resort  of  '*  Whiteboys,"  who  made  it 
their  stronghold,  and  defied  the  laws. 

Before  the  Ordnance  Survey  was  established,  Mr.  Griffith  was 
appointed  Greneral  Boundary  Surveyor,  and  so  long  ago  as  the  year 
1812  the  first  outlines  were  attempted  of  one  of  the  most  valuable 
and  important  works  with  which  his  nkmo  is  identified,  namely,  the 
preparation  of  a  Geological  Map  of  Ireland.  No  labour  seemed  to 
Grriffith  too  great  in  order  to  carry  out  this  great  work  satisfactorily, 
and  also  its  subsequent  revision ;  indeed,  throughout  his  life,  he 
never  lost  his  interest  in  it  Four  editions  of  it  were  published,  the 
latest  of  which  was  issued  in  1864. 

In  1828  he  was  appointed  Commissioner  for  the  General  Survey 
and  Valuation  of  Rateable  Property,  while  his  services  were  used 
by  the  Government  in  connexion  with  various  other  commissions, 
such  as  the  Shannon  Commission,  etc.  In  1848  he  was  appointed 
Deputy  Chairman  of  the  Board  of  Works  (Dublin),  and  in  1854  he 
became  Chairman,  an  office  which  he  held  until  his  death,  although 
relieved  of  its  active  duties.  It  should  be  mentioned  that  he  was 
twice  elected  President  of  the  Geological  Society  of  Ireland,  and 
took  a  very  active  part  in  its  proceedings,  and  in  promoting  the 
study  of  geology  in  his  native  city. 

Dr.  Griffith  records  that  the  Meeting  of  tiie  British  Association  in 
Dublin  in  the  year  1835,  gave  a  fresh  impulse  to  his  labours,  and 
in  1838,  Major  Larcum,  R.E.,  of  the  Ordnance  Survey  Office, 
Dublin,  constructed  for  him  an  entirely  new  Topographical  Map  of 
Ireland  on  a  scale  of  four  miles  to  an  inch,  "  the  most  accurate  Map 
of  Ireland  that  has  hitherto  been  published.''  (See  Quart.  Joum. 
Geol.  Soc.  1854,  vol.  x.  p.  xx.)  It  was  on  this  map  that  Dr.  Griffith 
finally  laid  down  the  fourth  and  revised  edition  of  his  stratigraphical 
colouring  and  geological  boundary  lines,  and  the  first  copy  of  which 
he  exhibited  to  the  Geological  Society  of  London  in  February,  1854. 
At  that  Anniversary  Meeting  the  Council  awarded  Dr.  Griffith  the 
Wollaston  Palladium  Medal,  in  recognition  of  his  valuable  services 
to  geology  by  the  completion  of  his  Geological  Map  of  Ireland. 

In  1858  Her  Majesty  conferred  a  Baronetcy  upon  him  in  acknow- 
ledgment of  his  long  and  valuable  public  services.^  One  who  knew 
him  well,  Mr.  G.  H.  Einahan,  M.R.I.A.,  writes  : — ''Griffith  had  extra- 
ordinary powers  of  endurance,  memory,  and  foresight  He  usually 
travelled  by  night,  and  after  spending  the  night  in  a  post-chaise 
would  do  a  hard  day's  work  in  the  field.     Scarcely  twenty  years 

^  Much  of  the  foregoing  is  taken  from  the  Dublin  Daily  Sxprest,  Sept.  27,  1878. 
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ago  he  walked  .over  the  Dingle  Mountains  with  a  party  of  young 
men,  yet  Sir  Richard,  then  over  70  years  of  age,  was  as  active  as  the 
youngest,  and  endured  a  pitiless  downpour  of  rain  in  his  swallow- 
tail  coat  perfectly  unconcerned." 

"Like  Sir  William  Logan  in  Canada,  wherever  Sir  Bichsrd 
Griffith  went  he  made  friends,  and  these,  throaghont  the  whole  of 
Ireland,  served  as  an  army  of  amateur,  helpers,  who  supplied  him 
with  information  as  to  rocks  and  fossils.  He  had  a  wonderful 
memory  for  names  and  places,  and  could  describe  minutely  each 
quarry  and  section  in  any  given  locality,  long  years  after  he  had 
visited  it" 

"  More  than  half  a  century  has  passed  away  since  GrifSth  com- 
menced his  Geological  Map  of  Ireland.  At  that  time  there  were  no 
Ordnance  Survey  sheets  to  use  as  a  basis  on  which  to  lay  down  his 
geological  work,  as  bit  by  bit  he  made  it  out  and  pieced  it  together. 
The  existing  maps  were  very  incorrect,  and  they  had  to  be  corrected, 
or  maps  had  even  to  be  made,  .before  they  could  be  used. 

'*  One  striking  feature  about  the  work  is  that  it  is  all  the  result  of 
his  own  personal  observations,  and  none  of  it  was  done  by  guess- 
work, yet  it  was  all  done  before  a  railway  existed,  and  when  even 
good  roads  were  rarely  to  be  met  with. 

"  The  period  now  called  Palasozoic  had  then  but  three  divisions — 
the  centre  was  *  Old  Red  Sandstone,'  below  which  all  the  rocks  were 
called  *  Transition/  or  *Greywacke,*  and  those  above  'Carboniferous.'" 

[Sir  Richard  Griffith  is  said  to  have  doubted  the  propriety  of  re- 
taining the  so-called  "  Old  Red  Sandstone "  series  as  a  separate 
formation  in  Ireland,  believing  it  to  be  made  up  partly  of  rocks  of 
Silurian  age,  and  partly  of  those  of  the  Carboniferous  period. 
However  this  may  be  (whether  in  deference  to  the  opinion  of  other 
eminent  geologists,  or  partly  as  his  own  conviction),  he  certainly 
retained  the  Old  Red  Sandstone  formation  on  his  map. 

He  refers  with  evident  confidence  to  his  successful  sub-division  of 
the  Irish  Carboniferous  system  into  a  seven-fold  series,  five  belonging 
to  the  Carboniferous  Limestone,  and  two  to  the  Coal  (Quart.  Joum. 
Geol.  Soc.  1854:,  vol.  x.  p.  xxi.).] 

"  Tlie  tracts  which  Griffith  believed  to  be  Silurian,  although  coloured 
as  Old  Red  Sandstone,  are  the  mountainous  area  about  Fintona  (Cos. 
Tyrone  and  Fermanagh),  the  rocks  of  the  Curlew  Mountains  (Cos. 
Sligo  and  Roscommon),  and  the  Slieve  Moyle  rocks  (Co.  Mayo). 
Subsequently  when  Du-Noyer  found  plants  in  the  Silurians  of  West 
Cork,  which  were  pronounced  by  Salter  to  be  allied  to  Carboniferous 
forms,  Griffith  still  adhered  to  his  opinion,  and  said  :  *  Tlie  plants 
ma}^  be  Carboniferous,  but  the  rocks  are  Silurian.'  Plants  allied  to 
Carboniferous  forms  have  since  been  found  both  by  American  and 
Continental  geologists  in  rocks  of  known  Silurian  age,  so  tliat  in  all 
probability  Griffith  was  correct. 

'^  When  the  late  Dr.  Oldham  had  proved  the  existence  of  Cambrian 
rocks  in  Dublin,  Wicklow,  and  Wexford,  Sir  Richard  Griffith  stated 
that  rocks  of  the  same  age  existed  in  Donegal  and  Gal  way.  The 
Donegal  rocks  have  still  to  be  worked  out,  but  as  regards  Galway 
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Griffith  was  quite  correct,  for  beneath  the  rocks  considered  by  Prof, 
Ramsay  to  be  the  basal  group,  equivalent  to  the  English  Cambro- 
Silurians,  there  are  over  7000  feet  in  thickness  of  rocks  that  can 
only  be  deemed  to  be  of  Cambrian  age." — (EiNAHiiN.) 

So  lately  as  the  week  in  which  Sir  Richard  Griffith  died,  Prof. 
Edward  Hull,  F.R.S.,  the  Director  of  the  Geological  Survey  of  Ire- 
land, addressed  a  letter  to  him  from  Glengarriff,  informing  him  that 
as  regards  the  age  of  "  the  Dingle  Beds  "  (which  had  been  referred 
by  Griffith  to  the  Silurian  formation  and  are  coloured  as  such  in  his 
Map  of  Ireland  (edit.  1855),  but  which  the  officers  of  the  Survey 
held  to  be  of  uncertain  age,  and  had  coloured  them  intermediate  be- 
tween Old  Eed  Sandstone  and  Upper  Silurian),  he  was  now  fully 
convinced  "  of  the  correctness  of  Sir  R.  Griffith's  views  regarding  the 
age  of  the  Dingle,  Killamey,  and  Glengarriff  Ranges."  ("  Nature" 
October  10,  1878,  p.  627.)  But  the  venerable  geologist  never  lived 
to  rejoice  in  this  confirmation  of  his  views.  History  will  doubtless 
do  justice  to  the  great  merit  of  his  work. 

We  owe  to  Sir  Richard  Griffith  a  most  valuable  contribution  to 
palaeontology,  namely,  a  "  Synopsis  of  the  Characters  of  the  Carbon- 
iferous Limestone  Fossils  of  Ireland,  by  Frederick  M*Coy,  F.G.S." 
(Dnblm,  1844,  4to.  pp.  208,  29  plates ;  reprinted  in  1862,  with  table 
of  fossils  and  localities.)  This  valuable  work,  containing,  in  addi- 
tion to  the  fossils  previously  known,  descriptions  and  figures  of  450 
new  species,  was  prepared  and  published  at  the  cost  of  Sir  Richard 
Griffith,  and  represents  the  specimens  in  his  own  cabinet,  collected 
either  by  himself  or  his  friends,  from  the  Carboniferous  Limestone 
system  of  Ireland. 

We  hope  that  this  valuable  collection  may  find  a  resting-place  in 
one  of  the  public  museums  in  Dublin. 

The  following  is  a  list  of  papers  published  by  Sir  Richard  Griffith, 
Bart  :— 

Report  relative  to  the  moving  bog  of  Kilmaleady  in  the  King's  County. — Tilloch, 
Phil.  Mag.  Iviii.,  182 1,  pp.  70-73. 

On  the  Principle  of  Colouring  adopted  for  the  Geological  Map  of  Ireland. 
—Dublin  Geol.  Soc  Joum.  ii.  1839,  pp.  78-9a 

On  Mr.  Weaver's  paper  on  the  Mineral  Structure  of  the  South  of  Ireland. — 
Phil.  Mag.  xviL  1840,  pp.  161- 1 79. 

On  the  Geological  Relations  of  the  several  rocks  of  the  South  of  Ireland  [1839]. 
— Geol.  Soc.  Proc.  iii.  1841,  pp.  136-13& 

On  the  Syenite  Veins  which  traverse  Mica,  Slate  and  Chalk  at  Goodland  Cliff 
and  Torr  Lskert,  to  the  south  of  Fair  Head,  in  the  County  of  Antrim. — Trans. 
Geol.  Soc.  2nd  series,  v.  p.  179.  Proc.  Geol.  Soc.  iu  p.  223.  Phil.  Mag.  3 
series,  viii  p.  559. 

On  the  Geological  Relations  of  the  several  Rocks  of  the  South  of  Ireland. — 
Proc.  Geol.  Soc.  iiL  p.  136.     Phil.  Mag.  3  series,  xv.  p.  536. 

On  the  True  Order  of  the  Succession  of  the  Older  Stratified  Rocks  in  the 
neighbourhood  of  KUlamey  and  to  the  North  of  Dublin. — Phil.  Mag.  series  3, 
xvi.  p.  161  ;  xvii.  p.  161. 

On  the  Greological  Map  of  Ireland. — Rep.  Brit  Assoc.  1835,  Sect.  p.  56. 

On  the  Leading  Features  of  the  Geology  of  Ireland. — Rep.  Brit  Assoc  1837, 
Sect  p.  88. 

On  the  Geological  Structure  of  the  South  of  Ireland. — Rep.  Brit.  Assoc.  1838, 
Sect  p.  81.  Karst.  u.  Dech.  Arch.  xvii.  p.  388.   L.  u.  Br.  N.  Jahrb.  1844,  p.  828. 

Statement  of  the  Fossils  which  have  been  Discovered  in  the  Several  Members 
of  the  Carboniferous  or  Mountain  Limestone  of  Ireland. — Rep.  Brit  Assoc.  1842^ 
Sect  p.  51. 


*»■     J.. 


r      -    - 


.  &■  ■■ 


■11. 


I.e. 


•         « 


-      -        A  k    * 


•  ••  r^ 


■r-.^riL  >r  Xi". '•tT — 2.Z"? 


:  '-1  :Le  irove  -ec!  .r-sr^j  i-  :i:e 


VAtt^mia  Ji  "- ■  -i-'"  ^  -■'-  ••"    r  ".-    .ri  i.  .V  i :- .  :  r  wn-  z.  1.^  ;*  n-  ?  r-  ^I'-r.'.; ■■;.■. 

4.;.;.  Ii2»r  -:.  .•- '•  -  i:  :!-..ir  :;r:>  ".  p.  \o\,  lie--  1.  rtimivr  ;i:\.?v  ; 
rnc*  i-'H-'v-n-j  "  r.rir^."  3Ir.  J"ii*.-v-  aay^*.  **  I  iliJ  nut  n-aii  «.«;•  ri . 
■  An&ce  bUTijirT  »-ji  minfi,  hut  unfortunatclv  I  forgot  tt»  tear  it 


THE 

GEOLOGICAL    MAGAZINE. 

NEW    SERIES.      DECADE    IL    VOL.    V. 


No.  XIL— DECEHBEE,  1878. 


I. — 'A  Possible  Explanation  op  the  North  Devon  Section. 

By  Prof.  Edward  Hull,  M.A.,  F.E.S.,  F.G.S. ; 
Director  of  the  Geological  Survey  of  Ireland. 

WHILE  engaged  this  autumn  in  reinvestigating  the  relations 
of  the  "Dingle  Beds"  and  "Glengarriff  Grit  Series"  to 
the  Silurian  rocks  below,  and  the  Old  Bed  Sandstone  above,  in  the 
South- West  of  Ireland,  my  mind  naturally  reverted  from  time  to 
time  to  the  Devonian  district,  and  the  succession  of  its  beds,  upon 
which  there  has  recently  been  so  much  discussion,  and  to  which 
the  late  Professor  Jukes  devoted  so  much  time  and  labour.  With 
him  I  agree  in  believing  that  the  key  to  the  solution  of  the  De- 
vonian problem  is  to  be  found  in  the  structure  of  the  South  of 
Ireland,  though  with  reference  to  the  actual  explanation  which 
he  proposed,  I  can  only  see  my  way  to  a  partial  concurrence. 

The  full  and  lucid  descriptions  of  the  formations  of  North  Devon 
whioh  we  possess  are  sufficient  to  enable  any  one  acquainted  with 
the  rocks  of  the  South  of  Ireland  to  recognize  representative  beds, 
even  if  they  may  not  have  visited  Devonshire  itself.  For  those 
who  are  in  this  position  there  are  the  writings  of  authors,  of  which 
Mr.  Etheridge  has  given  a  complete  summary,  and,  more  recently, 
those  of  Professor  Jukes  and  Mr.  Etheridge  himself. 

Pending  a  personal  visit,  I  venture  to  offer  a  contribution  towards 
the  solution  of  the  Devonian  problem,  which,  to  some  extent,  meets 
the  views  of  re<)ent  writers,  though  somewhat  different  from  any  yet 
proposed.  And,  in  the  first  place,  I  may  observe  that,  as  far  as 
investigations  have  yet  gone,  they  have  not  resulted  in  discovering 
the  great  east  and  west  fault  which  Jukes  supposed  to  range  across 
North  Devon,  repeating  the  red  rocks  and  overlying  slates  and 
limestones  of  Foreland,  Lynton,  and  Ilfracombe.  On  the  other 
hand,  we  have  the  elaborate  investigations  of  Etheridge,  both  palaeon- 
tological  and  stratigraphical,  all  going  to  show  that  there  is  an 
approximately  unbroken  sequence  from  the  Quantock  and  Lynton 
sandstone  on  the  north  into  the  Carboniferous  beds  of  the  centre  of 
the  country  (Quart.  Jonm.  6eoL  Soc.  vol.  xxiii.). 

DBOADB  n. — ^TOL.  V.— WO.  Xn.  %V 
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With  reference  to  the  bearing  of  the  structure  of  the  South  of 
Ireland  on  that  of  Devonshire,  I  have  come  away  from  the  examina- 
tion of  the  rocks  in  the  former  district  strongly  impressed  with  two 
or  three  leading  conclusions. 

J?ir«^.— That  the  "  Dingle  beds  "  (Glengarriflf  grits,  etc.)  belong 
in  all  probability  to  the  Upper  Silurian  series,  a  view  maintained 
by  Sir  R.  QriflSth,  Mr.  John  Kelly,  and  others,  including  several  of 
my  colleagues  of  the  Geological  Survey  of  Ireland. 

Secondly, — That  not  only  in  the  Dingle  promontory,  but  every- 
where in  the  South  of-  Ireland,  these  Upper  Silurian  beds  are 
separated  by  a  wide  gap  (represented  by  denudation,  and  uncon- 
formity) from  the  true  Old  Eed  Sandstone;  and  thirdly,  that  the 
Old  Ked  Sandstone  is  conformable  to  the  overlying  Lower  Carboni- 
ferous series ; — a  view  generally  accepted  amongst  Irish  geologists. 

With  these  Upper  Silurian  beds  ("Dingle  beds  and  Glengarriff 
grits  "),  consisting  of  conglomerates,  red  and  green  g^ts,  and  purple 
slates  of  great  thickness  rising  into  the  highest  elevations  in  Irelimd, 
striking  generally  eastwards  until  they  pass  unconformably  below 
the  Old  Hed  Sandstone  of  Cork  and  Waterford,  the  question  arises, 
may  we  not  expect  to  find  them  represented  in  the  Devonshire 
Section  ?  Tliis,  to  my  mind,  seems  in  the  highest  degree  probable, 
to  say  the  least  of  it.  Then,  again,  another  question  suggests  itself: — 
May  there  not  be  some  beds  in  the  Devonshire  Section  which,  in  that 
region,  occupy  the  gap  between  the  Upper  Silurians  and  the  true 
Old  Red  Sandstone  in  the  South  of  Ireland  ?  If  so,  what  part  of 
the  series  would  tliey  represent?  Clearly,  beds  older  than  the 
**  Upper  Old  Red  Sandstone,'*  which  underlies  conformably  the 
Lower  Carboniferous  be^s,  and  newer  than  the  Upper  Silurian; 
that  is  to  say,  beds  in  the  position  of  the  Marine  Devonian  beds  of 
Devonshire,  including  the  "  Lynton  Slates "  and  Ilfracombe  and 
Mortehoe  groups.* 

Now,  the  base  of  this  fossiliferous  Marine  Series  is  evidently  and 
admittedly  "the  Lynton  Sandstone  "  (Foreland  group).  A  series  of 
unfossiliferous  hard  red  and  green  sandstones,  or  rather  griU,  with 
some  slaty  beds,  of  which  the  base  is  not  seen,  and  which  is  over- 
laid by  the  Lynton  slates,  full  of  marine  fossils.  Jukes  describes 
them  in  terms  strictly  applicable  to  the  Glengarriff  grits  and  slates 
of  Kerry,  viz.  "as  thick  massive  grits  of  green  and  red  colours,  with 
purple  slates,  the  whole  being  similar  to  many  parts  of  the  Old  Ret! 
Sandstone  of  the  South-western  portion  of  Ireland,"'  by  which  he 
means  the  "  Dingle  Beds  '*  or  "  Glengarriff  Grits,"  by  him  supposed 
to  be  "  Old  Red  Sandstone."  Of  the  beds  to  which  Mr.  Jukes  refers 
there  can  be  no  doubt ;  for  when  he  wrote  the  above,  great  un- 
certainty prevailed  regarding  the  real  age  of  these  beds.  This 
uncertainty  is  now  nearly  removed — and  geologists  in  this  country 
are  coming  round  to  the  views  of  the  late  Sir  R,   Griffith   stated 

^  I  use  the  terms  adopted  in  "Woodward's  "  Geolog-y  of  England  and  "Wales." 
'  Additional  Notos  on  the  Grouping  of  the  Rocks  of  North  Devon  and  West 
Somerset,  p.  9,  Dublin,  1867. 
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above — that  the  Dingle  Beds  and  Glengarriff  Grits  are  really  the 
highest  members  of  the  Upper  Silurian  Series,  and  altogether  dis- 
connected from  the  true  Old  Red  Sandstone.  To  this  question  I 
hope  to  return  on  a  future  occasion. 

Reverting,  however,  to  the  Devonshire  section,  I  must  also  assume 
that  the  **  Pickwell  Down  Sandstones "  are  the  representatives  of 
the  true  "  Old  Red  Sandstone  "  of  the  South  of  Ireland.  They  are 
described  as  consisting  of  red  micaceous  sandstones,  shales,  and  con- 
glomerates, a  description  which  would  answer  fairly  well  for  the  for- 
mation representatives  of  which  I  suppose  them  to  be.  Mr.  Etheridge 
calls  it  tha  "  Upper  Old  Red  Sandstone,"  and  possibly  the  upper- 
most beds  at  the  junction  of  the  '^  Baggy  and  Marwood  slates 
(Cucullsea  Zone)  "  may  represent  the  formation  of  this  name  in 
the  South  of  Ireland  ("  the  Yellow  Sandstone "  of  Griffith)  with 
Coccosteus,  Aiiodonta  Jukesii,  and  Adiantites  Hibernica.  Jukes  men- 
tions some  beds  near  Drayton  and  Slade,  which  strongly  reminded 
him  of  the  Eiltorcan  beds  of  this  stage  in  county  Kilkenny.  It 
-will  probably  be  found  on  a  careful  resurvey  of  North  Devon,  that 
the  Pickwell  Down  Sandstones  are  somewhat  unconformable  to  the 
underlying  beds. 

Assuming  the  identity  in  position  of  the  Pickwell  Down  Sand- 
Btoues  with  the  Old  Red  Sandstone  of  Ireland,  it  follows  that  the  over- 
lying Marwood  slates  and  Pilton  Beds,  consisting  of  slates,  sometimes 
calcareous,  with  bands  of  limestone  and  sandstone,  characterized  by 
CucvUaa  trapezium,  etc.,  are  the  representatives  of  the  "  Lower  Car- 
boniferous slate  and  Coomhola  grits  "  of  the  South  of  Ireland  ;  and 
in  this  identification,  I  have  much  confidence  that  Jukes  was  perfectly 
correct  If  anything  was  required  to  confirm  it,  we  have  the  plant 
evidence  in  the  presence  of  Lepidodendron  and  Calamites  in  Sloly 
quarry.  The  general  representative  sections  of  the  rocks  in  the 
South  of  Ireland  and  in  North  Devon,  according  to  the  above 
interpretation,  would  therefore  be  as  follows  (see  table  at  the  end  of 
this  article,  p.  632) : — 

Should  it  ultimately  appear  that  this  classification  is  correct 
— or  approximately  so — it  will  be  found  to  confirm  the  views  of 
those  geologists  who  consider  that  there  is  a  general  ascending  series 
from  the  Coast  of  North  Devon,  beginning  with  the  Foreland  and 
Quantock  Hill  group,  and  terminating  with  the  Culm-measures  and 
Barnstaple  Beds.  On  the  other  hand,  it  will  confirm  Jukes's  views 
regarding  the  Carboniferous  age  of  the  so-called  "  Upper  Devonian 
Beds  "  from  the  Baggy  and  Marwood  slates  upwards,  and  also  his 
determination  regarding  the  age  of  the  "  Pickwell  Down  Sand- 
stones." It  also  explains  the  unconformity  between  the  Old  Red 
Sandstone  and  "the  Dingle  Beds" — so  remarkably  prominent  in  the 
Dingle  Promontory— and  it  determines  the  relations  between  the 
Marine  Devonian  Beds  and  the  Old  Red  Sandstone  in  Devonshire. 
In  offering  the  above  observations  towards  the  solution  of  the 
question,  and  pending  a  personal  inspection  of  the  North  Devon 
beds,  I  would,  meanwhile,  invite  the  opinion  of  those  geologists 
who  have  the  advantage  of  knowing  Devonshire  already. 
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Suggested  Comparison  of  the  Succession  op  Fobmatigns  in  North  Detos 

and  the  sovth  op  ireland: — 

Descending  Series. 
North  Deyon.  South  op  Ireland. 

^.  m       f  i.  PUton  and  BartittapU  Bedt. — Cal-*^ 

n  S  ^c^  I  careens  sandstones,  rrej  shales    Lower     CarhonifenmM     8laU    ind 


g  §  g     a. 


1^ 


and  slates  with  nomilar   lime- 
stones.   Fossils — Marine.  ^ 
Baggy    and    Marwood    Slates. — 
Slates  and  sandstones  with  Cu- 
euliaaj  etc. 

Drayton  and  Slade  Beds. — Green- 
ish and  yellowish  sandstones 
(passage  beds). 


'•Coomhola  Grits."— Grey  and 
olive  green  slates  and  grito 
with  calcareous  bands,  (hh 
euUeea  and  other  f  oesili. 
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» 


ofe. 


CD 

Q 
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o 


M   Si 


«.  Fiektoell  Down  Sandstone. — Red 
micaceous  sandstones,  shales, 
and  conglomerates. 


d.  Mortehoe  Group. — Grey  and  purple ' 

glossy  slates,  etc. 

e.  Ilfraeombe   Group.  ~-  Shales  and 

slates    with     limestones,    with 

StritigocephaluSj  etc. 
b.  Hnngman    Grits. — Red   and  grey 

grits,  shales,  and  sandstones. 
a.  Lynton     Slates.  —  Gritty    slates, 

shales,     and     sandstones,    with 

fossils.    Spirifera,  Orthis^  Fem- 

Stella^  Bellerophonj  etc. 


b.  Upper  Old  Bed  8egid9time{"Ytii' 
low  sandstone,  Griffith"].— 
Yellow  and  ^yish  flaggy 
sandstones,  with  Anodmt* 
JukesUf  Adiantitssy  etc,  and 
fish. 

0.  Old  Bed  Sandstone.—Redi  ud 
brownish-red  sandstone  with 
bands  of  shale  and  conglomer- 
ate at  base. 


Xot  represented  in  Ireland. 
^  Great  gap  and  unconformity  at  this 
stage. 


^  fa.  Linton       Sa»dsfone        {Foreland 

g  5  Group).  —  Reddish,   green,   and 

TA  S  purple  grits  and  slates. — Plants? 

C  ^  \  **  Fucoids,"  and    Annelid    bur- 

^  [^  rows  only. 


a.  Dingle  Beds  and  GUngarrif 
Grits.  —  Greenish  Grits,  re^ 
and  purple  slates  and  con- 
elomerates.  Plant-like  mark- 
ings and  Annelid  burrows. 


II. — Notes  on  the  Geology  op  the  Neighbourhood  of 

Aberystwyth. 

By  Walter  Keeping,  B.A.,  F.G.S. ; 
Professor  of  Geology  in  the  University  College  of  Wales. 

IN  England  and  Wales  there  is  scarcely  any  area  whose  geological 
structure  is  so  little  known  as  the  neighbourhood  of  Aberystwyth. 
Every  year  a  stream  of  geologists  passes  through  the  northern  parts 
of  the  Principality,  through  the  varied  old-volcanic  districts  of 
Snowdon  and  Cader  Idris,  and  the  rich  collecting  grounds  of  the 
Berwyns  :  and  another  such  stream  takes  its  course  to  the  southern 
borders  along  the  far  west  Pembrokeshire  coasts,  being  guided  by 
the  careful  work  of  Dr.  Hicks.  The  border  counties  too  are  in 
many  places  attractive  enough,  for  there  it  was  that  Murchison  first 
saw  the  order  of  the  Silurian  rocks,  and  there  also  the  best-preserved 
fossils  are  found.  Llandeilo,  Builth,  Woolhope,  May  Hill,  Malvern, 
and  Wenlock  have  long  yielded  rich  harvests  to  palaeontologists. 
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These  several  districts  form  the  boundaries  which,  together  with 
the  sea  of  Cardigan  Bay,  make  up  a  complete  zone  enclosing  the 
large  area  of  Mid  Wales — an  area  which  is  very  commonly  regarded 
as  a  wilderness  to  the  geologist,  and  a  desert  to  the  palsaontologist. 
Nowhere  in  this  country  are  fossils  abundant,  and  the  rock-beds  are 
in  places  marvellously  contorted.  To  study  this  group  of  Mid 
Welsh  rocks,  we  could  not  do  better  than  to  make  Aberystwyth  our 
head -quarters,  and  thence  traverse  the  country  in  various  directions. 

First,  taking  a  walk  along  the  shore  either  to  the  north  or  south  of 
the  town,  the  cliflFs  oflFer  a  splendid  view  of  the  Aberystwyth  group 
— a  great  series  of  bedded  rocks  in  such  violent  twistings  and 
puckerings  as  astonish  even  the  most  unobservant  of  people.  I 
know  of  no  better  place  throughout  England  or  Wales  for  observing 
these  rock  contortions. 

FatdtB  and  Joints. — The  few  dislocations  or  faults  seen  along  the 
coast  are  very  small;  for  example,  those  just  south  of  Aberystwyth 
Castle,  and  again  between  Aberystwyth  and  Clarach;  but  larger 
faults,  mostly  in  an  east  and  west  direction,  are  doubtless  indicated 
by  the  many  lead  veins  to  the  west 

The  rock  structure  known  as  jointing  may  be  well  studied  in  this 
neighbourhood.  A  glance  at  a  quarry  in  any  rock  will  show  that 
the  rock  material  is  not  all  in  one  solid  mass,  but  is  divided  up  into 
blocks,  sometimes  very  regularly,  sometimes  quite  irregularly,  so 
that  masses  may  be  removed  with  the  wedge  and  lever  without  ever 
breaking  across  a  stone.  Such  natural  planes  of  division  are  known 
as  joints.  The  extent  of  these  joints  varies  greatly ;  at  Allt  Wen, 
south  of  Aberystwyth,  some  very  fine  examples  are  seen  cutting 
vertically  and  cleanly  through  the  rocks,  so  that  in  those  places 
where  they  have  been  exposed  by  landslips,  which  are  frequent, 
they  stand  out  like  huge  walls  of  well-built  masonry.  We  may  see 
them  running  thence  straight  down  the  cliff  and  continuing  their 
course  across  the  shore  out  to  sea. 

At  the  other  extreme  we  have  small  and  frequent  jointing,  hard 
to  distinguish  from  cleavage,  as  is  seen  in  some  of  the  grit-beds  near 
Llanilar.  One  cannot  detect  any  such  regular  persistency  in  the 
direction  of  the  lines  of  jointing  as  we  shall  afterwards  find  in  the 
case  of  cleavage  ;  on  the  other  hand,  there  is  a  more  intimate  rela- 
tion between  the  jointing  and  the  sloping  of  the  rock-beds.  Some 
of  the  hard  sandstones  of  Plynlimmon  are  jointed  into  rude  columnar 
masses. 

Bock  varieties. — ^The  rocks  of  Mid  Wales  are  of  few  kinds,  and 
they  are  remarkably  similar  throughout  the  district.  Beds  of  grit 
of  that  characteristic  Cambrian  type  mixed  with  clayey  material 
known  as  Grey wacke  (originally  a  muddy  sand) ,  sometimes  coarse 
grits,  hard  sandstones,  and  occasionally  a  pudding-stone  or  con- 
glomerate bed  (originally  pebble  beds),  are  the  forms  in  which  the 
ancient  sandy  deposits  occur,  whilst  the  clay  deposits  are  now  found 
as  irregular  shale,  mudstone  rah  (a  mudstone  breaking  into  small 
fragments  when  exposed),  wrack  (a  coarser  larger  form  of  rob), 
pencil  rab    (breaking  into  long   fragments — as  seen  under  Allt 
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Wen),  day-slate,  a  coarse  black  slate,  and  "Bastard'*  slate.  Many 
Tarieties  of  each  of  these  may  be  oollected,  and  amongst  these 
varieties  we  will  first  notice  the  frequent  presence  in  them  of  that 
golden  or  brassy  mineral  Iron  Sulphide.  This  may  be  found  in 
nests  under  Craiglais,  or  in  cubical  crystals  further  north  towards 
Borth,  and  up  the  valley  east  of  Eglwys  Fach,  where  they  hand- 
somely stud  some  of  the  grits. 

Nearly  everywhere  the  coarser  grits  show  some  angular  brown 
spots  on  their  weathered  portions,  and  in  some  places,  especially 
at  Mynydd  Bach,  white  crystals  are  seen.  These  are,  both  of  them, 
crystals  of  felspar,  or  the  remains  of  such  crystals,  and  they  are 
interesting  proofs  either  of  the  presence  of  older  igneous  rocks 
close  by,  from  the  degradation  of  which  they  were  obtained,  or  they 
may  even  be  the  records  of  volcanos  themselves  then  existing  some 
miles  away ;  for  the  crystals  of  felspar  are  not  rounded  as  they  would 
be  if  driven  for  a  distance  by  water-action,  but  remain  still  angular. 
Microscopic  analysis  shows  that  much  of  the  felspar  belongs  to  the 
plagioclase  group. 

Fossils  and  Curious  Bock  Surfaces. — Wherever  the  crystals  of  iron 
sulphide  occur,  we  are  more  likely  to  find  fossils ;  at  the  Morben 
Quarry,  near  Machynlleth,  especially,  we  find  the  fossils  themselves 
converted  into  this  bright  metallic  mineral.  Very  few  of  these 
fossils  have  yet  been  recorded.  Many  years  ago,  in  1846,  Professor 
Sedt^wick  found  fossil  shells  at  the  Devil's  Bridge,  which  were 
identified  by  Mr.  Salter,  and  published  in  the  Quarterly  Journal 
of  the  Geological  Society  in  1846  (Lond.),  and  I  do  not  know  of 
any  other  list.  But  we  need  not  go  so  far  for  organic  remains; 
the  quanies  around  Aberystwyth,  at  Cefn  Hendre  Cwm,  and  Bryn 
y  Mor,  themselves  yield  those  fossils  called  Graj)tolites  {GraptoUies 
Sedgioickij  G.  lobi/erns,  RastriteSy  Dictyonema,  and  others),  long, 
slender,  toothed,  saw-like  organisms,  each  *'  tooth "  being  the  cell 
of  a  small  "  zoophyte  *'  somewhat  less  highly  organized  than  a 
common  coral.  At  the  Morbern  Quarry  beautiful  specimens  of 
Graptolites  are  abundant,  including  a  spiral  form.  A  species  of 
Diplograptus  may  be  found  in  the  Llyfnant  Valley,  near  Glandovey ; 
Dictyonema  and  Dendroid  Graptolites  at  the  Devil's  Bridge ;  Fora- 
minifera  {Dentalina,^  Itotaliay  and  Textidaria)  occur  at  Cwm  Symlog. 
and  shells  (mostly  Orthoceras)  at  Corris,  Taren  y  Gesail,  and 
Steddfa  Gurig.  There  is  a  curious  branching  calcareous  organism, 
which  may  perhaps  be  a  Polyzoon,  found  in  the  quarry  at  Craiglais, 
and  ranging  eastwards  as  far  as  Plynlimmon. 

But  besides  these  fossils,  there  are  other  structures  which  will 
force  themselves  upon  the  attention  of  the  visitor  before  he  sees 
such  an  organism  as  those  we  have  noticed  above.  Curious 
markings,  straight,  round  or  irregular;  branching,  curved,  or  con- 
torted ;  and  in  great  variety.  Some  of  these  are  undoubtedly  tbe 
tracks  of  worms  ;  Llampeter,  for  instance,  is  noteworthy  for  its 
fine   specimens   of    Nereites    Sedgwickii    and   N.    Cambrensis ;    and 

*  This  Foraminifnr  was  first  discovered  by  tbe  Eev.  J.  F.  Blake,  M.A.,  F.G.S. 
See  Geol.  Mao.  Deo.  11.  Vol.  111.  p.  134. 
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again  around  Pont  Erwyd  the  beautiful  Nereites  Maeleani  is  quite 
abundant.  All  these  show  clearly  the  marvellously  tortuous  tracks 
of  marine  worms;  centrally  we  see  the  depression  made  by  the 
body,  and  at  the  sides  are  the  marks  of  the  numerous  lateral  ''  feet " 
^ith  their  bristles.  Nemertites  and  other  supposed  worms  are  also 
found. 

Others  amongst  these  markings  are  quite  as  evidently  marine 
plants — Algae — seaweeds.  There  is  one  well-marked  type  of  these 
that  is  particularly  noteworthy,  consisting  of  a  stalk,  sometimes 
several  inches  long,  from  the  summit  of  which  branches  are  given 
off  in  a  fan-shaped  manner.  Of  this  type  there  are  three  species — 
a  large,  a  small,  and  a  medium-sized  form.  There  are  also  long 
strap-like  seaweeds. 

Many  others  of  the  queer  irregular  markings^  so  abundantly 
found  may  have  had  their  origin  primarily  in  some  organism,  or 
the  trace  of  some  organism,'  to  serve  as  a  nucleus  around  which 
material  has  gathered  by  "  concretionary  action."  We  may  to  some 
extent  explain  this  concretionary  action  as  a  force  which  causes 
particles  of  the  same  nature  to  collect  together  into  masses ;  thus 
it  was  that  the  myriad  flinty  particles  originally  in  the  chalk  were 
dragged  together  to  form  flints,  so  the  particles  of  sulphide  of  iron 
came  together  to  form  large  crystals  or  nests  about  Aberystwyth, 
and  so  also  many  of  the  irregular  masses  in  our  local  grits  have 
bad  their  origin. 

"  Cone  in  Cone "  Nodules. — Amongst  the  best-marked  of  these 
concretions  are  the  lenticular  nodules,  which  occur  in  zones,  well 
seen  along  the  coast  between  Aberystwyth  and  Berth.  They  are 
sometimes  so  close  together  as  to  unite  with  one  another ;  but  good 
specimens,  with  circular  contours,  about  2  in.  to  10  in.  in  diameter, 
are  not  difficult  to  find.  The  peculiar  and  pretty  structure  known 
as  **  cone-in-cone "  is  invariably  found  over  the  exterior  of  these 
nodules.  We  taay  liken  this  "  cone-in-cone "  structure  to  crowds 
of  miniature  conical  sugar-bags  packed  one  into  the  other,  and  all 
the  packets  arranged  side  by  side  around  the  stone,  moreover  every 
sugar-bag  has  its  sides  delicately  crimped.  The  bases  of  the  cones 
are  directed  externally,  the  apices  inwards.  Single  cones  may  be 
extracted  with  the  knife,  usually  about  a  quarter,  or  half  an  inch 
long,  but  larger  ones  are  sometimes  found.  This  is  not  an  organism 
— not  a  life-structure,  and  we  must  look  to  the  results  of  crystalline 
forces  for  some  similar  appearances  to  explain  its  origin.  Now 
ordinary  calcspar  is  often  found  in  a  fibrous  form,  and  I  have  seen 
layers  of  such  mineral  where  in  some  places  the  fibres  run  parallel 
to  one  another,  but  in  other  spots  they  are  directed  towards  some 
common  point  so  as  to  form  a  cone.  Here  then  was  cone-in-cone 
structure  produced  by  the  arrangement  of  the  crystal  fibres  of  calcite. 

Carbonate  of  lime,  carbonate  of  iron,  and  carbon  itself  in  the 
form  of  coal,  exhibit  this  structure,  often  on  a  much  larger  scale 

^  It  should  be  noted  that  these  marrelloiu  surface  contortions  and  other  markings, 
BO  characteristic  of  the  Mid  Wales  rocks,  are  convex  on  the  under  surface  of  the 
flags  and  grits.  >  Mostly  seaweeds. 
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than  we  find  it  at  Aberystwyth.  Our  specimens  probably  contain 
carbonate  of  iron,  for  the  brown  oxide  is  frequently  found  ooloariiig 
exposed  weathered  specimens. 

There  is  a  remarkable  contorted  structure  very  common  in  our  grit 
rocks,  which  may  be  well  seen  in  the  blocks  brought  from  Ystrad 
Meurig  Quarry,  and  now  forming  the  stone  pier  at  Aberystwyth. 
Concretionary  action  may  perhaps  explain  this  in  part,  but  I  m 
disposed  to  look  to  water  as  the  more  probable  agent  * — the  water 
percolating  through  the  more  sandy  layers  after  the  deposition  of 
the  rock,  and  so  altering  the  arrangement  of  the  particles. 

Arrangement  of  the  great  Bock-masses,  and  their  Age. — The  regular 
alternation  of  old  sandy  and  muddy  deposits  (grit  and  shale)  is  veir 
striking  around  Aberystwith,  and  for  about  five  miles  to  the  ewt 
Professor  Sedgwick  cfdled  these  beds  the  Aberystwyth  Group.  Next, 
further  to  the  east,  a  great  series  of  slaty  rock  succeeds — the  Metal- 
liferous Slate  Group ;  then  at  Plynlimmon  we  reach  another  grit 
group  (Plynlimmon  Group),  in  thicker  beds  than  at  Aberystwyth, 
and  with  some  quartz-conglomerates  (part  of  the  Plynlimmon  Group 
of  Sedgwick). 

Altogether  these  several  rock  groups  make  up  an  enormous  thick- 
ness of  strata.  An  actual  measurement  of  only  that  part  of  the 
series  between  Aberystwyth  and  the  Devil's  Bridge  gave  us  a  thick- 
ness of  over  three  and  a  half  miles.' 

Of  all  these  deposits  the  Aberystwyth  rocks  are  the  lowest,  for  all  the 
beds  to  the  east  slope  over  them,  just  as  the  lines  here  drawn  towards 

B  incline  over  those  nearer  A,     A, 


As  we  walk  to  the  north  or  to  the  south,  we  shall  find  again  that 
the  rock  deposits  slope  away  from,  and  are  therefore  newer  than, 
those  at  Aberystwyth.  Even  to  the  west,  too,  the  beds  8loj>e  awav 
seawards,  as  may  be  seen  when  we  walk  along  the  shore,  or  notice 
the  cliff  sections.  So  that  Aberj^stwyth  is  the  centre  of  what  is 
known  to  geologists  as  an  Anticlinal  axis — the  axis  of  a  huge  dome 
of  rock-masses.  The  slope  to  the  north  and  to  the  south  is  much 
less  steep  than  to  the  east,  so  that  an  almost  north  and  south  line  of 
outcrop  has  its  axis  running  through  Allt  Wen,  Aberystwyth,  and 
over  Constitution  Hill  on  to  Clarach. 

The  exact  geological  age  of  the  Aberystwyth  rocks  cannot  yet  be 
fixed.  That  they  are  extremely  old  is  clear  enough,  for  just  as  we 
see  in  the  little  diagram  above,  that  the  beds  at  A,  slope  under  those 
at  B,  so  we  might  have  drawn  a  long  series  of  sloping  lines  on  to  C. 
where  G  shoulcl  represent  the  coast  of  the  south-east  of  England: 

*  This  contorted  structure  forcibly  brings  to  mind  the  irregrular  contortions  nrhich 
are  so  ^'encrally  found  in  foliated  rocks,  such  as  mica-schist.  The  same  cause  mav 
Well  liiive  produced  the  structure  in  both  rocks. 

'  1'lie  ^^reat  apparent  thickness  of  a  gjoup  of  rocks  in  the  MofFat  District  of 
Soutli  Scotland  has  been  explained  by  Mr.  Lapworth  as  produced  bv  frequent  sharj) 
foldin^Ts.  by  which  the  beds  are  repeated  over  and  over  again.  6ut  we  have  no 
exidence  that  such  an  explanation  can  be  applied  to  the  rocks  between  Abervstw^-th 
and  Plynlimmon. 
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for  this  is  the  grand  order  of  English  rock  strata,  that  the  beds  to 
the  west  slope  under  those  to  the  east ;  the  beds  of  the  east  over- 
lying those  of  the  west  But  again,  it  is  the  primal  law  of  strati- 
graphical  geology  that  the  undermost  strata  are  the  oldest ;  and  by 
this  law  we  learn  that  the  rooks  of  Cambria  are  the  lowest  and 
oldest  of  rocks — they  are  the  foundation  over  which  England  has 
been  built  up.  The  very  lowest  deposits  of  the  Cambrian  System 
are,  however,  not  to  be  found  here  at  Aberystwyth,  though  they  may 
be  reached  and  seen  in  grand  development  by  a  day's  excursion  to 
Barmouth.  Our  local  rocks  are  much  newer  than  those  of  Bar- 
mouth, and  very  probably  belong  to  the  lower  part  of  the  great 
Bala  Group  of  Prof.  Sedgwick.  By  the  (Geological  Survey  they 
were  placed  in  the  Lower  Llandovery  Group ;  and  there  are 
apparently  conflicting  facts  which  have  yet  to  be  put  into  harmony. 

The  suite  of  fossils  as  recorded  by  Salter  from  the  Devil's  Bridge 
has  a  Lower  Llandovery  facies,  but  other  fossils,  such  as  the 
Dictyanema,  the  Dendroid  Graptolites,  and  the  Bastrites,  seem  to  be 
represented  by  similar,  if  not  identical  forms  in  the  Llandeilo 
Group  of  the  Longmynd  district ;  the  curious  Polyzoon  (?),  the 
worm  tracks  and  other  markings,  are  near  to  those  of  the  Skiddaw 
Group  in  the  English  Lake  District,  and  some  similar  markings  are 
also  found  in  the  Arenig  country.  Whilst  recognizing  then  the 
present  imperfection  of  the  evidence,  we  may  reasonably  place  the 
Aberystwyth  rocks  in  the  Lower  Bala  Group  of  Sedgwick.^  Litho- 
logical  resemblances  a£ford  us  little  help,  but  we  may  notice  that 
some  of  the  Silurian  rocks  of  North  Wales  (in  the  Denbighshire 
Group)  have  a  great  likeness  to  those  of  Aberystwyth. 

Slates  and  Slaty  Structures, — It  is  proper  to  notice  here,  in  further 
detail,  those  mineral  masses  which  are  so  important  as  sources  of 
niineral  wealth  to  our  district.  These  ai'e  principally  the  slates  and 
metals  as  worked  in  slate  quarries  and  metalliferous  mines. 

Slaty  structure  has  been  superinduced  upon  clayey  and  other 
rocks  after  their  deposition  by  the  action  of  lateral  pressure.  It  is 
reasonable  to  our  common  sense  that  when  a  number  of  lenticular 
bodies  are  subjected  to  lateral  pressure,  and  are  allowed  some  slight 
freedom  of  vertical  motion,  they  will  get  more  or  less  arranged  face 
to  face,  with  their  broad  faces  at  right-angles  to  the  pressure.  So, 
too,  if  we  wished  to  subject  a  lot  of  pennies  to  heavy  lateral  pressure, 
we  should  first  arrange  them  in  rows  face  to  face,  and  apply  the  pres- 
sure along  the  course  of  the  rows,  for  in  this  arrangement  they  are  best 
able  to  sustain  the  pressure,  and  this  arrangement  is  the  most  stable 
under  the  circumstances.  Just  so  it  is  with  the  old  clay  deposits. 
We  actually  see  under  the  microscope  the  particles  of  slate  with 

*  N.B. — These  rocks  are  very  commonly  known  as  Silurian,  Through  a  series 
of  errors,  Sir  Roderick  Murchison  felt  compelled  to  absorb  Sedgwick's  Cambrian 
almost  entirely  into  his  Silurian  System.  But  so  good  and  true  a  name  as  the 
**  Cambrian  System,"  as  applied  to  a  great  and  natural  group  of  rocks,  honestly  and 
successfully  worked  out,  must  not  be  allowed  to  be  degradea  into  the  appellation  of 
a  small  part  of  that  system.  Such  a  course  is  not  only  unfair  to  our  great  leader  in 
Cambrian  geology,  but  is  also,  as  I  belioTe,  a  hindrance  to  geological  science.  As  a 
name,  too,  the  change  would  be  unfortunate. 
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their  long  axes  arranged  parallel  with  the  surface  of  the  slate. 
Those  great  forces  which  puckered  up  the  rocks  into  such  extra- 
ordinary contortions,  also  caused  that  arrangement  of  tiie  particles 
of  rock  in  virtue  of  which  the  rock  now  splits  or  '*  cleaves "  into 
thin  slates.* 

It  is  reasonable  to  expect  that  some  of  the  transition  stages 
between  the  old  sea  ninds  and  the  well -formed  slates  should  in 
some  places  be  found ;  and  Aberystwyth  is  such  a  place.  There  is 
no  good  slate  within  some  few  miles  of  the  town,  but  the  daj 
group  of  rocks  is  represented  by  irregular  shale,  rubbly  rah,  soft 
slate,  and  '' bastard  "  slate ;  very  commonly  however  traces  of  cleavage 
are  seen  in  the  shale  more  or  less  clearly  marked,  and  "  rab  "  is  in 
many  cases  produced  by  cleavage,  often  oombined  with  joints  and 
bedding  planes. 

Along  the  shore  near  Clarach  well-marked  slate  may  be  seen.  \i 
is  here  soft  and  useless,  but,  nevertheless,  it  is  tme  slate,  for  it  may 
readily  be  seen  that  the  lines  of  division  are  thin,  and  regular  in 
direction,  and  that  they  cut  across  the  planes  of  stratification  at  a 
high  angle. 

The  constancy  of  the  direction  of  the  lines  of  splitting,  as  seen 
upon  a  horizontal  surface  (t.«.  the  ^trikt)  is  a  very  well-known  and 
characteristic  feature  of  cleavage ;  in  the  neighbourhood  of  Aberyst- 
wyth this  direction  is  about  N.N.E.  to  S.S.\V.,  varying  only  a  little 
northwards  or  southwards.  This  being  the  constant  direction  (with 
rare  exceptions)  of  the  exposed  edges  or  strike,  the  slate  may  stand 
veilical,  or  may  slope  W.N.W.  or  E.S.E. ;  most  commonly  the  dip  is 
about  SO""  W.N.W.  When  the  planes  of  bedding  are  at  all  nearly  in 
the  same  direction  as  the  cleavage,  the  latter  will  accommodate  itself 
to  the  lines  of  bedding,  and  run  along  them.  Such  a  change  in  the 
cleavage  is  very  ])rettily  seen  in  a  road-side  cutting  between 
Glandovey  and  Machynlleth. 

In  practice,  however,  much  caution  is  required  in  registering  the 
dips  of  cleavage  planes,  because  of  the  phenomenon  known  as 
"  surface  deflection."  Very  generally  we  find  on  the  sides  of  the 
hills  that  Ihe  slates  have  more  or  less  toppled  over  in  the  down- 
hill direction,  so  that  a  surface  slate  which  should  be  vertical 
now  inclines  inwards  and  downwards  towards  the  centre  of  the 
mountains.  The  numerous  small  op(,^nings  for  slate  and  lead,  and 
the  deep  water-gulleys  enable  us  to  find  the  true  direction. 

This  phenomenon  is  b}'  no  means  confined  to  slates,  but  is  also 
well  seen  in  the  thick  beds  of  limestone  and  sandstone,  in  basaltic 
columns,  etc.  To  explain  its  origin  it  is  quite  unnecessary  to  appeal 
to  the  force  of  glaciers  and  the  grounding  of  icebergs,  for  it  is 
obvious  Ihat,  given  such  loosening  agents  as  the  roots  of  plants,  and 
especially   the   alternate   freezings   and    thawings   during    winter, 

^  The  rock  Ftnicture  we  have  been  describing  above  is  known  as  cleavagre,  and  a 
alate  is  the  result.  Shaie  is  a  rock  whicli  splits  into  thin  layers  alone  planes  pro- 
duced by  the  circumstances  of  its  deposition.  As  a  rule,  slate  is  border  and  more 
'ar  than  shale,  and  especially  slates  often  split  across  the  planes  of  bedding: 
rarely  does  so. 
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^avity  is  constantly  at  work  to  take  advantage  of  these  sbifbings, 
and  to  drag  the  slate  or  rock-bed  over  ;  in  the  oourse  of  their 
frequent  loosenings  they  naturally  come  to  topple  over  more  or 
less  down  the  hill. 

Large  slate-workings  may  be  visited  in  the  neighbourhood  of 
Corris,  other  good  quarries  are  worked  at  Taren  y  Gesail  and  S.W. 
of  Machynllyth  (Morbem  Quarry),  whilst  numerous  small  openings 
for  local  use  are  met  with  about  Machynllyth,  Tregaron,  Strata 
Florida,  Ooginan,  and,  indeed,  throughout  the  country  of  the 
Metalliferous  Slate  group. 

Metalliferous  Veins, — A  glance  at  the  Geological  Map  of  Cardigan- 
shire will  show  that  the  majority  of  the  mineral  veins  run  more  or 
less  parallel  to  one  another  in  an  E.N.E.  and  W.S.W.  direction, 
roughly  speaking,  and  we  may  also  distinguish  a  separate  set 
running  more  nearly  from  N.W.  to  S.E.  So  also,  as  we  overlook 
the  mines  themselves  from  a  vantage  point,  we  may  often  notice 
that  they  are  arranged  in  lines — those  in  the  same  line  being  probably 
all  workings  in  one  vein.*  Descending  into  an  ordinary  mine,  we 
shall  find  that  the  vein  is  a  vertical,  or  nearly  vertical,  wall-like 
mass  of  mineral  matter,  sharply  defined  on  both  sides  by  the  walls 
of  the  vein,  which  are  often  found  to  be  polished  and  striated. 
The  thickness  of  the  "  lode  "  or  vein  varies,  but  is  very  commonly 
about  four  or  six  feet;  lateral  offshoots  are  frequent.  The  vein 
consists  of  vein  rubbish,  spars,  and  ore.  The  "  vein  rubbish  "  is 
mostly  hard  slate-rock,  like  the  country  rock  around ;  the  spars  are 
almost  exclusively  quartz,  and  the  ores  are  usually  lead  (lead 
sulphide,  Pb  S)  zinc,  or  black  jack  (Zn  S)  or  copper  (copper 
pyrites  Cu,  S,  Fe,  S,).  Silver  is  found  in  valuable  quantity,  but  it 
is  not  distinguishable  in  the  vein  of  itself,  being  mixed  with  the 
lead  in  small  proportions.  Practically,  however,  its  presence  is 
detected  in  the  rough  state,  for  the  •*  silver  lead  "  is  commonly  a 
paler  and  more  finely  crystalline  ore  than  that  in  which  silver  is 
scanty. 

It  is  probable  that  these  veins  are  in  the  lines  of  old  faults  or 
rock  dislocations,  by  which  open  fissures  were  produced,  and  after- 
terwards  the  cavity  was  filled  in  with  spars  and  rubbish  from  the 
sides  and  "country  rook"  around,  and  the  ores  were  brought  by 
sublimation  from  below. 

The  Records  of  the  Ancient  Glaciers, — We  must  now  leave  the  solid 
geology  of  the  country  to  notice  what  is  the  nature  of  those  newer 
formations  which  are  commonly  classified  under  the  heading  of 
"  surface  deposita."  And  here  the  relics  of  the  Great  Glacial  Period 
first  claim  our  attention,  since  they  form  the  oldest  of  this  surface 
group,  and  also  because  they  are  so  very  conspicuous. 

We  need  only  ^  to  Aberystwyth  Castle  Ground,  and  pick  up  the 
stones  on  the  cliff  over  the  railings,  to  find  at  once  those  peculiar 

^  It  is  remarkable  how  yerj  frequently  a  lead  mine  is  found  at  the  head  of  a 
Talley,  and  afi;:ain  they  are  frequent  alon^  the  sides  of  valleys.  This  is  probably  due 
to  the  metalliferous  veins,  being  lines  of  comparative  weakness,  so  determining  the 
linee  of  action  of  subaerial  denuding  forces  as  to  produce  valleys. 
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8ubangular  stones  with    the    characteristio    scratches,   which 
geologist  recognizes  as  the  result  of  glacier  action.     Aherystwj^ 
is  huilt  upon  that  deposit,  and  every  valley  in  the  neighboarhooi 
has  its  abundant  share. 

The  best  exposure  of  these  old  glacial  formations  is  about  Berei 
miles  south  of  Aberystwyth,  where  we  find  a  most  interestiog 
section.  The  cliffs  here  have  been  eaten  away  by  the  sea,  and  all) 
by  small  streams  from  the  land,  into  the  most  fantastic  fonu: 
deep  narrow  guUeys,  down  which  we  may  with  some  difficulty 
climb,  here  and  there  over-arched  above  or  again  opening  out  into 
a  "  chine."  In  the  cliffs  lie  colossal  masses,  large  blocks,  stoDOi 
and  pebbles,  imbedded  in  a  matrix  of  coarse  sandy  clay,  irr^nlarlr 
mixed  together,  without  any  such  arrangement  as  invariably  obtiiiB  . 
in  ordinary  water-formed  rocks.  Nearly  every  stone  has  its  fve  | 
or  all  its  faces  scratched  and  smoothed. 

All  the  stones  ai'e  such  as  may  have  come  from  ivithin  a  few  miki 
of  where  they  now  lie,  grit,  greywacke,  slate,  shale,  and  mudstoM, 
with  a  few  quartz  boulders,  forming  the  great  porportion.  They  were 
brought  down  and  deposited  here  by  local  glaciers — rivers  of  ioe, 
which  had  their  birthplace  in  the  higher  hills  inland,  and  stretched 
out  their  long  ice-arms  and  ice-sheets  in  all  directions  towards  the 
lower  ground. 

Many  a  Welsh  valley  has  a  most  typical  glacial  aspect — a  broad, 
open,  half-am pbitheatre-like  head,  which  formed  the  ''gathering 
ground  "  of  the  glacier  where  the  snows  principally  collect^,  and 
below  an  open  valley  U  shaped  ia  section,  its  sides  regular,  and 
every  feature  rounded.  For  in  this  part  of  its  course  below  the 
head  the  snows  had  become  changed  into  hard  blue  ice  moving 
slowly  and  steadily  down,  either  to  its  end  where  it  was  melted 
in  the  lower  grounds,  or  to  reach  the  sea  where  it  was  broken 
up  and  carried  away  in  the  form  of  icebergs.  Such  ice-streams, 
grinding  their  way  down  the  valleys,  would  allow  of  no  asperities, 
no  sharp  features,  but  all  was  smoothed  aud  rounded. 

Wherever  a  side  stream,  now  entering  the  old  glacier-roimded 
valley,  has  more  recently  cut  back  for  itself  a  deep  bed,  its  angular 
valley  with  rough  irregular  sides  form  striking  contrasts  to  the 
glacier-carved  surfaces.  This  is  very  well  seen  from  the  Devils 
Bridge  road,  looking  towards  Pen-y-ffrwd,  where  a  small  stream 
leaps  down  the  steep  valley  side  facing  you ;  and  every  one  who 
walks  much  into  the  country  around  may  find  every  day  fresh 
examples  of  the  two  contrasting  types  of  valley. 

Yet  more  exact  tracks  of  the  local  glaciers  remain  in  the  rounded 
rock  bosses  known  as  "roches  moutonnees,"  and  the  polishings, 
scratch ings,  and  groovings  still  left  upon  the  solid  rock.  Such 
traces  of  glaciers  are  well  seen  in  many  2)lace8  around  Aberystwyth, 
such  as  the  valley  above  Eglws  Fach,  the  Ystwyth  valley  on  the 
Lisbume  Mine  private  road,  in  the  Rheidol  valley  at  Ty  Llwydd, 
by  the  road-side  between  Pont  Erw^'d  and  Steddfa  Gurig,  in  the 
mine  works,  on  the  side  of  Plynlimmon  above  Steddfa  Guri^, 
and  in  the  Domen  valley.     In  all  these  places  polished  and  striated 
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rock-surfaces  are  seen  as  well  marked  as  in  an  Alpine  valley  where 
the  glacier  has  but  lately  retired.  These  are  the  tool-markings  of 
our  ancient  glaciers  and  they  are  marvellously  well  preserved. 

But  these  Welsh  glaciers  were  not  confined  within  the  limits  of 
the  present  valleys ;  they  often  overspread  such  boundaries  to  open 
out  upon  the  lower  hills,  and,  it  may  have  been,  there  to  form  a  con- 
tinuous sheet  many  miles  in  breadth.  The  hills  around  Aberystwyth 
are  from  about  300  to  700  feet  high,  and  over  all  these  the  glacial 
deposits  of  stony  clay,  eta,  may  be  seen  with  all  their  usual  charac- 
ters, and  with  numerous  large  transported  blocks  left  there  as  the 
glacier  retired.  On  the  higher  ground  to  the  east  of  Llanfihangel 
crowds  of  these  blocks  cover  the  ground,  and  above  Cwm  Symlog 
large  masses  are  seen  stranded  at  above  1000  feet.*  These  blocks 
too  are  often  strewn  over  the  sides  of  valleys,  where  they  were  left 
at  the  edges  of  the  glaciers  as  they  dwindled  away. 

It  is  remarkable  that  those  puzzling  mounds  of  false-bedded 

sand  and  gravel,  known  as  Osar  in  Scandinavia,  were  distinguished 
by  the  ancient  Celtic  peoples  both  of  Scotland  and  Ireland.  By 
the  foimer  they  were  called  Eames ;  by  the  latter  Eskers. 

Nor  were  the  people  of  that  other  great  branch  of  the  Celtic 
Tace,  the  Cymri,  wanting  in  the  same  extraordinary  discrimination 
in  detecting  these  ridges;  for  here  in  Wales  the  name  Esgair  or 
Sscair  is  by  no  means  uncommon, — evidently  the  same  word  as 
the  Irish  Esker.  For  example,  we  may  point  out  the  name  **  Esgair 
Annos,"  which  designates  a  characteristic  Esker  east  of  Rhyader.' 

Near  Llanrwsted  Road,  Aberystwyth,  an  enormous  Esker  is  seen 
stretching  its  broad  back  more  than  100  feet  high  across  the 
-valley  of  the  Ystwith,  like  a  terminal  moraine.  Through  it  the 
river  has  cut  its  present  channel  down  to  and  into  the  solid 
Cambrian  rock. 

Two  railway  cuttings  afford  us  excellent  views  of  the  structure  of 
this  Esker.  At  once  we  are  struck  with  the  great  irregularity  and 
steep  false-bedding  of  the  deposits,  i.e,  the  layers  of  material  were 
not  thrown  down  horizontally ;  and,  looking  closer  at  the  anatomy 
of  the  section,  we  find  combined  evidences  of  both  water  and  ice- 
action.  There  is  the  stratification  of  water;  the  false-bedding  of 
rapid  currents  and  eddies ;  and  there  are  the  snbangular  and  well- 
scratched  stones,  telling  us  of  the  work  of  ice.  Many  of  the  pebbles 
are  of  the  ice-formed  types,  but  some  are  perfectly  rounded. 

We  have  no  evidence  of  any  modem  encroachment  of  the  sea 
up  to  where  this  giant  Esker  lies.  I  look  to  the  combined  actions 
of  ice  and  water,  and  perhaps  snow,  to  explain  its  formation.  It 
is  contrary  to  experience  that  the  sea  should  pile  up  a  huge  bank 
of  materials  so  little  water- worn,  with  so  many  of  the  stones  still 

^  All  these  blocks  are  from  the  local  gnt  and  hard  shale-beds,  or  more  rarely  a 
conglomerate  from  Plynlimmon.  In  the  Ystwyth  Valley,  and  towards  Machynlleth, 
a  pale-coloured  hard  granular  and  felsitic-looking  rock  occurs,  whose  origin  is  not 
yet  known  to  me. 

'  ;It  seems  probable,  from  subsequent  observations,  that  this  local  name  Esgair^ 
may  sometimes  have  been  applied  to  mounds  of  a  diiferent  origin  and  structure  from 
that  of  EBkers  properly  so  called. 
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retaining  their  glacial  striaB  and  their  Bubangolar  oontourSy  at  in 
this  Esker. 

As  the  glaciers  retired,  the  melting  of  the  ioe  and  snows  gave  rise 
to  exaggerated  river  action,  so  that  the  valleys  were  swept  by  rapid 
water-currents,  often  carrying  loads  of  stones  stolen  from  the 
glaciers  and  their  moraines.  These  materials,  being  rounded  as  they 
rolled  along  the  bed  of  the  stream,  were  roughly  arranged  and 
deposited  above  the  proper  glacial  formations,  over  which  we  now 
usually  find  them.  Such  formations  are  well  seen  in  the  difis  some 
few  miles  south  of  Aberystwyth,  and  at  Clarach;  also  the  ooane 
pebbly  deposits  at  Tregaron,  through  which  the  river  has  cot,  and 
perhaps  some  others  of  our  river  deposits  belong  to  this  staga 

We  have  not  yet  found  in  our  neighbourhood  any  evidence  of 
such  a-  succession  of  glacial  periods,  interglacial  periods  and  great 
quaternary  submergences  as  are  described  in  other  areas.  All  the 
phenomena  we  observe  here  may  well  have  been  produced  during  a 
late  period  by  local  glaciers. 

We  have  as  yet  no  means  of  telling  the  absolute  date  in  years  at 
which  our  islands  were  subjected  to  these  glacial  conditions,  but  we 
have  a  very  marked  record  of  that  date,  if  we  could  but  read  it,  in 
the  gorges  which  streams  and  waterfalls  have  cut  since  the  glaciers 
disappeared.  For  we  have  seen  that  the  glaciers  left  their  banks 
all  smoothed  and  rounded,  and  it  is  most  conspicuous  how  far  the 
more  rugged  and  angular  beds  which  have  been  since  produced  by 
the  streams  of  water  extend  back  beyond  them.  Here  then  is 
our  record,  and  when  we  can  determine  the  rate  at  which  the  streams 
cut  back  their  beds,  then  we  shall  easily  calculate  how  long  it  is 
since  glacial  conditions  existed  here. 

The  Latest  Geological  Phenomena, — Since  that  time  comparatively 
little  geological  deposit  has  been  added  to  the  country.  The  rivers 
have  formed  flat  lands  of  pebble  beds,  loam,  and  sand,  and  have 
again  cut  down  deeply  through  them,  as  is  well  seen  in  the  Bheidol 
Valley  near  Ty  Llwydd  :  but  these  deposits  contain  no  fossils  except 
here  and  there  a  piece  of  wood.  Their  pebbles  are  to  a  great 
extent  derived  from  the  denudation  of  the  glacial  deposits, — most 
barren  records. 

In  many  places  however  where  quiet  or  stagnant  water  was  kept 
in,  extensive  beds  of  clay  and  peat  have  been  formed,  the  peat 
uppermost.  The  Tregaron  Valley  is  a  good  example  of  this,  for  here 
a  very  pure  and  homogeneous  soft  blue  clay  is  found  together 
with  the  overlying  peat  well  developed.  Very  generally  such 
deposits  yield  many  interesting  fossils, — shells  in  the  clay  cmd  bones 
of  mammals  in  the  peat,  but  that  is  not  the  case  here.  I  have  only 
met  with  two  antlers  of  the  Red  Deer  {Cervns  elaphus)  in  the  clay 
near  Berth,*  and  have  not  found  any  animal-remains  in  the  i>eat. 
This  is  the  more  strange,  because  we  know  that  many  animals  have 
lived  in  this  region  during  the  more  recent  periods,  whose  remains 
one  would  expect  to  find  ;   such,  for  instance,  as  the  Beaver,  whose 

'  Ono  of  these  was  presented  to  the  University  College  Museum  by  Mrs.  Davies 
of  Aiituran. 
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last  British  stronghold  was  in  the  Teifi ;  the  Bear,  whose  former 
presence  is  proved  by  such  names  as  Pwl  cenawen^  (the  cubs'  pool) ; 
and  the  Otter,  which  is  still  hunted  in  the  streams.  Trees  are 
however  often  found  well  preserved  in  the  peat ;  their  roots  and 
trunks  may  always  be  seen  where  turf-cutting  is  going  on  and 
sometimes  fine  trees  are  found.  In  the  neighbourhood  of  Tregaron 
the  wood  is  still  used  by  the  carpenters,  and  portions  of  trunks  are 
very  commonly  made  into  rollers  for  the  fields. 

The  best  exposure  of  these  prostrate  trees  is  the  submerged  forest 
at  Berth.  Here  at  low  water  hundreds  of  '  stools '  with  &eir  roots 
still  fixed  in  the  old  soil  are  seen;  while  prostrate  trunks  and 
branches  are  abundantly  scattered  around.  The  Oak,  Pine,  and 
Beech  are  most  numerous.  The  soil  upon  which  they  grew  was 
very  peaty,  and  was  made  up  to  a  great  extent  of  reeds,  flags,  and 
otJier  vegetable  matter  matted  together.  The  decomposition  of 
the  tissues  of  these  plants  gives  rise  to  gases  which  are  now  being 
evolved,  and  sulphuretted  hydrogen  especially  may  be  recognized  by 
its  fetid  odour  when  the  peat  is  disturbed.  Such  an  old  land 
surface  is  found  throughout  Cardigan  Bay,  extending  from  below 
low -water  mark  to  a  distance  of  several  miles  up  the  valleys.  At 
Glarach  it  is  occasionally  laid  bare,  and  it  is  nearly  always  exposed 
at  Tan-y-Bwlch,  south  of  Aberystwyth. 

Beneath  the  submerged  forest  at  Berth  there  is  a  blue  day  con- 
taining marine  shells  {Scrobicularia  piperata  and  Biasoa  pallida), 
in  great  profusion. 

In  these  various  deposits  on  the  Berth  shore  we  have  the  evidence 
of  three  changes  in  the  relative  level  of  land  and  sea.  First  the 
old  Cambrian  rocks  were  submerged  to  allow  of  the  deposition  of 
the  Scrobicularia  clay ;  then  came  an  upheaval  carrying  the  latter 
deposit  above  high- water  mark  at  least,  when  the  peaty  formation 
was  produced  in  the  swampy  flat ;  and,  later  on,  the  beech  and  pine 
forests  flourished.  But  again  came  a  depression,  which  submerged 
the  forest  and  killed  the  trees,  many  of  which  probably  stood  long, 
as  bare,  leafless  skeletons,  to  be  blown  down  and  strewn  irregularly 
along  the  shore  and  over  the  sea-bottom.  Only  the  stools  now 
remain  erect ;  every  tree  is  prostrate. 

Physical  Geography, — The  connexion  between  the  physical  geo- 
graphy of  a  country  and  its  geology  must  everywhere  be  most 
intimate ;  and  their  correlations  are  generally  as  easily  explained  as 
they  are  evident  Bocks  have  their  characteristic  surface  features 
as  well  as  their  characteristic  fossils.  The  rich  low  country  with 
its  many  little  hills  of  Tertiary  counties,  and  the  grand  alternating 
series  of  limestone  ridges  and  fertile  plains  of  the  Secondary  dis- 
tricts of  England,  are  equally  foreign  to  our  neighbourhood.  In  a 
country  composed  of  such  enduring  rocks  as  prevail  in  Mid  Wales, 
we  are  sure  to  find  a  more  grand  and  rugged  type  of  scenery,  which 
is  only  repeated  in  those  areas  whose  geological  structure  is  similar 
to  it,  such  as  the  Lake  District  of  England  and  parts  of  Scotland. 

^  The  name  of  a  farm-house  near  Penllwya. 
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Amongst  these,  too,  Mid  Wales  has  its  own  physical  oharaoterisHci, 
which  diKtinguish  it  from  other  Camhrian  districts.  We  mis 
especially  the  high  precipitous  escarpments  with  their  scree  slopei 
helow,  and  the  sharp  peaks  of  the  more  northern  Camhrian  areas, 
and  the  scenery  is  altogether  less  rugged  than  those.  This  is  suffi- 
ciently explained  by  the  homogeneous  character  of  the  Mid  Walei 
rocks,  the  rare  occurrence  of  thick  deposits  of  hard  grit  and 
quartzite,  and  the  absence  of  igneous  rocks.  It  is  not  till  we  reach 
Plynlimmon,  and  again  go  still  further  east  to  the  neighbourhood 
of  Khyader,  that  we  find  more  massive  grit-beds  and  oonglomeratea, 
and  here  the  bolder  features  of  steep  rugged  hill-sides  and  preci- 
pitous escarpments  are  found. 

We  have  already,  when  dealing  with  the  Qlacial  period,  refored 
to  that  moulding  of  the  surface  features  by  the  action  of  ice  whidi 
has  so  profoundly  modified  the  character  of  our  scenery,  but  we  mij 
here  dwell  longer  upon  those  more  angular  valleys  i^hich  have  been 
produced  by  the  action  of  streams  since  the  ice  disappeared.  Sudi 
valleys  are,  as  a  rule,  best  developed  in  the  neighbourhood  of  water- 
falls, for  there  the  cutting  power  of  water  is  at  its  maximum.  At 
the  Devil's  Bridge,  Pont  Erwyd,  and  below  Llyn  Rhyddnant, 
especially,  deep  chasms  have  been  cut  out  by  the  long-continaed  | 
action  of  the  water  as  it  rushes  down  and  hurls  the  stones,  lai^ge  I 
and  small,  like  cannon-balls  and  gun-shot  against  the  sides  and 
bottom  of  its  bed.  The  characteristic  water-cut  sides  are  well  seen 
in  the  "  Devil's  Punch  Bowl  "  of  the  Devil's  Bridge,  and  the  same 
appearances  should  be  noticed  all  up  the  sides  of  the  chasm.  Tbej 
are  well  seen  lower  down  on  the  left  bank  of  the  waterfall  above 
tlie  iron  foot-bridge;  thus  presenting  to  us  the  most  convincing 
proof  that  the  gorge  has  been  cut  out  by  the  water  itself,  and  is  ncrf 
a  gaping  fissure  produced  by  violent  earth  movements. 

The  Caradoc  waterfall,  between  Traws  Coed  and  Strata  Florida, 
is  remarkable  in  that  the  slope  of  the  fall  corresponds  with  a  sudden 
fold  in  the  rock-beds  themselves, — a  coincidence  which  \&  most 
unusual. 

ThoKe  cylindrical  holes  known  as  **  Pot-holes "  are  well  seen 
along  the  Rheidol  in  many  places,  as  at  the  Parson's  Bridge,  Devil's 
Bridge,  and  higher  up  around  Pont  Erwyd.  These  are  good  illus- 
trations of  that  mode  of  working  by  water  with  the  aid  of  hanl  I 
stones  which  we  have  already  noticed.  At  the  bottom  of  the  Pot-  ■ 
holes  some  stones  are  sure  to  be  found,  and  it  will  at  once  be  evident  j 
that  as  the  current  of  water  flows  over  the  hole,  a  spiral  motion  is 
set  up  in  the  water  of  the  Pot-hole,  so  that  the  stones  are  carried 
round  and  round  the  bottom  of  the  hole,  always  grinding  their  way 
deeper  and  deeper  down.  It  is  interesting  to  notice  that  in  this  way 
water  may  carve  out  great  hollows  below  its  level  of  outflow.  The 
holes  vary  much  in  size ;  some  are  no  bigger  than  beer  tumblers,  in 
others  one  might  hide  oneself. 

The  Plane  of  Marine  Denudation, — "Whoever  has  gone  to  the  top 
of  the  higher  mountains  of  England,  Scotland,  Ireland,  Germany. 

itzerland,  etc.,  must  have  noticed  that  the  great  spread  of  country 
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.round  him  looks  much  more  regular  than  he  would  have  expected 
rom  his  previous  knowledge  of  the  lower  grounds.  He  may  have 
lonsidered  the  whole  country  mountainous,  and  quite  irregular ;  hut 
low,  from  his  elevated  position,  he  is  surprised  to  find  how  very 
evel  and  regular  it  looks.  Now  he  sees  all  around  a  great  plain,  in 
vhich  the  valleys  appear  as  huge  furrows  ploughed  out.  The  same 
eature,  viz.  the  regular  height  of  the  summits  of  most  of  the  hills, 
tnd  their  comparative  evenness,  may  also  sometimes  he  observed  as 
rou  look  at  a  mountain  system  from  a  distance,  when  the  tops  of  a 
inmber  of  mountains  are  seen  to  be  so  many  points  in  the  same 
itraight  line.  Such  a  plane  is  known  as  a  *' Plane  of  Marine 
Oenudation " ;  and  it  may  be  well  seen  from  the  fbp  of  Aran 
Mowddwy,  Cader  Idris,  Snowdon,  Plynlimmon,  or  nearer  home 
rom  the  top  of  the  hill  above  Cefn  Hendre,  Aberystwyth.  The 
leight  of  this  plane  in  Cardiganshire  is  from  500  feet  to  about  750 
*eet,  gradually  sloping  upwards  to  the  Plynlimmon  mountains. 

This  plane  of  marine  denudation  tells  us  of  a  period,  far  removed 
Tom  our  age,  where  the  sea  gradually  cut  inland  its  level  shores  and 
lea-bottom,  levelling  all  down  and  leaving  only  the  higher  mountains, 
18  Plynlimmon,  Cader  Idris,  etc.,  as  isolated  islands.  Just  in  the 
lame  way  the  sea  is  now  cutting  down  another  plane;  it  is  slowly 
sating  away  Constitution  Hill,  and  every  other  hill  along  the  coast, 
md  reducing  all  to  one  level — a  modem  plane  of  marine  denudation. 

Lakes  and  their  Modes  of  Origin. — Another  feature  which  Mid 
Wales  has  in  common  with  most  mountain  districts  is  its  numerous 
lakes.  A  number  of  these  may  be  visited  from  Aberystwyth,  though 
most  of  them  are  not  easily  accessible,  for  they  are  generally  situated, 
aot  in  the  valleys,  but  upon  the  summit  plains  of  the  hills.  They 
lire  depressions  in  the  great  plane  of  marine  denudation.  Such  are 
Llyn  Eiddwyn,  L.  Gynon  L.  Fyrddyn,  L.  Gron,  L.  Egnant,  L.  y 
Gk)rlan,  L.  Hir,  and  Llyn  Teifi,  etc.  The  five  latter  are  the  best 
known  under  the  name  of  Teifi  Pools,  and  they  will  serve  well  as 
illustrative  examples  of  the  most  common  type  of  lake  in  Mid  Wales. 

Far  up  in  the  hills  we  find  these  irregular  bodies  of  water  with  their 
walls  all  formed  of  solid  rock.  They  generally  run  more  or  less 
along  the  strike  of  the  rock-bed,  their  sides  are  not  lofty  (rarely  so 
much  as  100  ft.),  and  in  many  cases  at  least  their  depth  is  not  great.^ ' 

There  are  three  principal  ways  by  which  lakes  may  be  formed, 

(1)  by  the  action  of  ice  scooping  out  a  hollow  in  the  solid  rock; 

(2)  the  formation  of  a  dam  across  a  valley,  as  by  the  moraine  matter 
piled  up  at  the  end  of  a  glacier;  and  (3)  by  earth  movements, 
especially  depressions. 

The  Teifi  Pools,  together  with  the  great  majority  of  our  Mid 
Wales  lakes,  belong  to  the  third  class.     Here  we  have  not 

"  A  lofty  precipice  in  front, 
A  silent  tarn  below,*' 

^  The  depths  of  many  of  the  lakes  are  not  yet  known  to  me. 

*  The  visitor  mnst  take  care  to  distinguish  the  natural  lakes  from  the  artificial 
reservoirs  of  water  made  by  the  lead-workers  to  serve  for  a  steady  supply  of  water 
to  their  water-wheels. 

DSCADS  U. — VOL.  T. — XO.  Xn.  ^ 
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which  is  80  charaoteristio  of  class  (1),  diere  is  no  gathering  groimd 
here  for  the  snows  to  collect  in  and  form  a  glacier.  Again,  the  ooa- 
tinuity  of  the  solid  rock  all  around  decides  at  onoe  against  Uie  theory 
of  a  moraine  dam.  No — in  Mid  Wales  we  have  a  crowd  of  lakei 
formed  by  vertical  depressions  of  the  solid  rock.  Very  generallj 
the  rock-beds  are  seen  sloping  down  towards  the  lake  on  two  or 
three  sides,  and  on  one  side  there  may  in  some  cases  have  been  i 
break  in  the  continuity  of  the  rock — a  slowly- formed  local  fault 

We  have,  however,  a  good  example  of  an  ice-formed  lake  in 
Llyn  Llygad-y-Rheidol  under  Plynlimmon.  The  position  of  this 
lake  is  highly  favourable  for  the  denuding  action  of  ice.  Snows 
gathered  ablRidantly  upon  the  heights  above,  and  a  glacier  certainlj 
did  descend  into  the  valley  in  which  the  lake  now  lies ;  it  is  then 
highly  probable  that  the  ice  here  scooped  out  a  hollow.  Hiis  may 
well  be,  but  we  have  besides  an  obvious  cause  for  the  existence  of  a 
lake  hero  in  the  bank  of  glacial  moraine  which  is  now  seen  running 
across  the  valley  at  the  foot  of  the  lake,  and  through  which  the  stream 
has  cut  for  about  25  feet  Llyn  Llygad-y-Rheidol  is  then  a  good 
example  of  our  class  (2),  but  it  is  not  unlikely  that  the  scooping 
power  of  ice  (class  1)  may  have  deepened  its  rock-bed. 

The  Beach  Pebbles, — We  must  add  a  few  words  about  the  stones  of 
the  Aberystwyth  beach.  Most  of  these  are,  of  coarse,  rounded  pieoei 
of  the  grit,  grey  wacke,  aqd  shale  of  the  cliffs  around,  but  these  are 
scarcely  noticeable  to  the  searcher  among  the  more  oonspicuous  hard 
pebbles  which  are  so  numerous  and  so  various.  In  a  few  minutes 
we  may  pick  up  quartzites,  conglomerates  of  various  colours,  felsites, 
mostly  quartz  felsite,  several  varieties  of  granite,  homblendic 
granite,  syenite,  many  species  of  greenstones,  and  numerous  nieta- 
morphic  rocks.  We  may  also  find  a  chalk  flint  or  perhaps  a 
more  valuable  "  pebble "  in  the  technical  sense  of  tliat  word  a* 
used  by  the  lapidaries.  The  homes  of  many  of  these  |)ebbles 
are  not  yet  known  to  me ;  the  flints  and  agates  might  have 
come  from  the  chalk  and  basalt  of  co.  Antrim  in  the  N.E.  of 
Ireland,  and  other  pebbles  might  have  been  picked  up  along  the 
Carnarvon  peninsula  and  earned  southwards  by  currents,  but  I  hare 
not  yet  been  able  to  identify  any  such  with  certainty.  On  the  other 
hand,  it  may  be  that  in  the  Glacial  period,  while  the  snow  and  ice 
covered  the  land,  icebergs  freighted  with  rocks  from  other  lands 
floated  down  the  Irish  Sea,  and  dropped  their  burdens  of  foreign 
stones  down  to  the  sea-bottom  so  as  to  form  a  Boulder-clay.  Such 
a  deposit,  now  being  denuded  by  marine  currents,  might  well  yield 
us  such  a  vaiiety  of  pebbles  as  we  find  upon  the  beach.  But  we 
have  not  yet  the  materials  ready  to  decide  which  of  these  theories  ia 
the  true  account. 

Specimens  of  the  rocks,  fossils,  etc.,  above  mentioned,  may  be  seen 
arranged  in  the  Museum  of  the  University  College  of  Wales. 

Note. — It  will  be  observed  that  these  Notes  on  the  Geology  of  Abcrvstwrth 
(orij;inally  intended  for  publication  in  a  local  guide-book)  are  very  imperlect'.  To  a 
great  extent  this  is  due  to  the  scanty  work  that  has  yet  been  done  in  our  neighbow- 
hood,  and  we  hope  that  very  soon  many  of  the  points  now  doubtful — such,  iot 


C.  J.  A.  Meyer — Chlontic  Marl  and  Upper  Chreemand.      547 

instance,  as  the  exact  age  of  the  Aberystwrth  group  and  the  origin  of  the  beach 
pebbles— will  be  clearly  made  out.  Ab  tae  work  progreeeee,  I  hope  to  publish 
elsewhere  more  detailed  accounts,  and  to  describe  the  fossils.  But  the  impenection 
is  the  greater  on  account  of  the  necessity  which  obliges  me  to  write  these  pages 
when  absent  from  Wales  and  without  materials  at  hand  to  help  me. 


III. — Notes  bespegtino  Chlobitio  Mabl  and  XTppsb  Gbsensand. 

By  C.  J.  A.  MsifEB,  F.G.S. 

HAVING  paid  but  little  attention  to  geological  literature  during 
the  last  two  years,  it  was  not  until  September,  1878,  that  I 
became  aware  of  Mr.  A.  J.  Jukes  Browne's  article  in  the  Geological 
Magazine  of  August,  1877.'  In  this  article,  amongst  other  matters, 
the  author  criticises  Tcry  fairly  the  classification  of  the  Upper 
Oreensand  and  ''  Chloritic  Marl,"  so-called,  as  set  forth  in  my  paper 
on  the  Cretaceous  Rocks  of  Beer  Head.*  In  justice  to  certain 
questions  involved,  I  find  myself  compelled  to  reply  to  this  criticism, 
and  to  say  a  few  words  besides  respecting  the  Chloritic  Marl  and 
Upper  Greensand. 

In  my  description  of  the  Cretaceous  Bocks  of  Beer  Head — after 
showing  the  great  difference  between  the  faunas  of  the  highest  and 
lowest  beds  of  what  had  been  always  previously  classified  as  Upper 
Oreensand,  and  after  proving  that  the  one  represented  a  Blackdown, 
the  other  a  Warminster  fauna — I  suggested  that  beds  10  to  12  of  my 
section  therein  given,  on  account  of  their  special  fauna,  should  be 
separated  from  the  Upper  Greensand  under  the  distinctive  title  of 
Warminster  Beds,  I  further  pointed  out  that  beds  10  to  12  re- 
presented, both  in  fauna  and  position,  the  so-called  *'  Chloritic  Marl " 
of  the  Isle  of  Wight . 

In  suggesting  the  term  Warvainster  Beds  for  my  beds  10  to  12, 
I  ought  at  the  time,  indeed,  to  have  explained  that  by  such  term 
I  meant  that  portion  only  of  the  Warminster  strata  from  which,  at 
Chute  Farm,  near  Warminster,  so  rich  a  fauna  has  been  collected, 
and  which  fauna  has  been  always  spoken  of,  erroneously  as  I  think, 
as  coming  from  the  Upper  Oreensand  of  Warminster.  For  the 
actual  "Upper  Greensand"  of  Waiminster,  as  every  one  knows, 
is  of  considerable  thickness.  It  consists  in  Uie  lower  part  of  sandy 
marl,  resting  at  Crockerton  on  Oatdt,  and  passing  upwards,  as  in  the 
coast  sections,  into  sands  with  Chert; — the  usual  ''Malm  Series" 
and  "  Chert  Series,"  in  fact,  of  the  Upper  Greensand. 

But  none  of  these  beds  contain  the  noted  "  Warminster  fossils." 
These  fossils  are,  and  always  have  been,  collected  from  the  surface 
of  the  field  in  which  they  once  abounded,  the  rock  which  yields,  or 
yielded,  them  being  unexposed.  Portions  of  the  matrix  may  be  seen, 
however,  both  outside  and  inside  many  of  these  fossils,  and  such 
matrix  has  the  appearance  of  Chloritic  Marl,  although  the  cement  is 
now  siliceous  instead  of  calcareous. 

The  ''Chute  Farm"  fauna  is  then  the  Warminster  fauna,  as 
generally  known.    It  is  also  the  fauna,  in  great  measure,  of  my  beds 

1  Gbol.  Mao.  Dec.  II.  Vol.  IV.  p.  850. 
>  Quart.  Joum.  Geol.  Soc.  toL  xxx.  p.  369. 
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10  to  12  of  Beer  Head,  and  of  the  so-called  "Chloritic  Marl"  of 
the  Isle  of  Wight,  and  of  Chardstock.  Was  I  wrong  then  in 
suggesting  the  separation  of  beds  10  to  12  from  the  Upper  Greensand 
and  applying  to  them  the  term  "  Warminster  Beds  "  ?  ^ 

Dr.  C.  Barrois,  Mr.  A.  J.  Jukes  Browne,'  and  probably  many 
other  geologists,  consider  that  I  was  wrong.  Because,  say  they,  the 
fauna  of  beds  10  to  12  is  found  also  in  the  Upper  Greensand.  Bat 
where?  Not  at  Beer  Head.  And,  with  the  exception  of  Peden 
asper  and  one  or  two  other  wide-ranging  fossils,  not  at  Warminster. 
Nor  yet,  in  reality,  in  the  Isle  of  Wight.  Barrois,  quoting  from 
older  lists,  gives  indeed  a  number  of  species  as  coming  from  the 
Chert  Beds  at  Warminster,'  and  others  as  from  the  Upper  Greensand 
of  the  Isle  of  Wight.*  The  greater  part  of  these  however  came, 
probably,  on  his  own  showing,  from  the  base  of  the  "  Chloritic 
Marl  *'  of  Ibbetson.  To  prove  this  I  also,  following  Mr.  Jukes 
Browne's  example,  must  say  a  word  or  two  respecting  that  much- 
abused  term,  "  Chloritic  Marl." 

Now  Mr.  Jukes  Browne,*  in  his  othen^'ise  careful  and  valuable 
rSsum^  on  the  origin  and  application  of  the  term  **  Chloritic  Marl," 
has  failed,  apparently,  to  notice  one  point  of  considerable  importance 
in  respect  to  it,  and  one  from  which  in  fact  has  arisen  very  much  of 
the  diflference  in  thought  and  practice  regarding  the  application  of 
the  terra.  And  it  is  this  : — That  under  the  term  "  Chloritic  Marl," 
Captain  Ibbetson  (in  1849)  would  seem  to  have  included  two  beds  of 
very  similar  composition  ;  both  loaded  with  green  grains,  both 
pbospliatic.  Beds  which  although  in  actual  contact  were  certainly 
in  age  widely  separated.  Captain  Ibbetson's  "Chloritic  Marl'* 
embraced  in  fact  the  (local)  top  of  the  Upper  Greensand,  and  the 
(local)  bottom  of  the  Chalk  Marl  of  the  Isle  of  Wight. 

For  "The  Chloritic  Marl,"  says  Captain  Ibbetson,*  "divides  the 
Chalk  Marl  from  the  Upper  Greensand.  It  is  a  grey  marl  full  of 
green  grains  of  a  silicate  of  iron  and  sand,  very  fossiliferous.  The 
upper  part  in  places  exhibits  a  conglomerate  of  pebbles  and  small 
bouUlevs,  and  in  it  the  fossils  are  chiefly  broken  as  if  rolled  on  a 
beach." 

Now,  all  who  have  examined  the  junction-beds  of  the  Upper 
Greensand  and  Chalk  Marl  near  St  Catharine's  Down,  in  the  Isle 
of  Wight,  will  see  the  significance  of  the  above  description.  The 
*'  conglomerate  of  pebbles  and  small  boulders  "  occurs  on  the  actual 
line  of  division  of  two  faunas.  The  lower  of  which  includes  Peden 
asper y  Terehratella  pediia,  Catopygus  columharius,  Galerites  castanea 
and  various  other  Echinoderms ;  the  upper,  AmmoniteSy  Scaphiies, 
TurriliteSy  etc.,  mostly  phosphatic.    It  might,  perhaps,  be  objected  that 

*  Quart.  Joum.  Geol.  Soc.  vol.  xxx.  p.  371. 
«  (tkol.  Mao.  Dec.  II.  Vol.  IV.  p.  358. 

3  Recherches  sur  la  Terrain  Cr^tacd  sup.  de  I'Angleterre,  par  Ch.  Barrois,  D  Sc, 
Lille,  1876,  p.  58. 

*  I.'Age  aes  Couches  de  Blackdown,  par.  Ch.  Barrois,  D.Sc,  An.  Soc.  Geol.  dn 
Xord,  torn.  iii.  p  4. 

*  (rEoL.  Mao.  Dec.  II.  Vol.  IV.  p.  355. 

^  !Notes,  et<;.,  ou  the  Strata  of  the  Isle  of  "Wight,  London,  1849. 
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the  term  "Chloritio  Marl"  has  been  always  subsequently  applied  to 
the  upper  of  these  two  beds — the  "Soaphites-bed"  or  actual  base-bed 
of  the  Chalk  Marl.  Such,  however,  is  not  the  case.  In  Mem.  Geol. 
Survey,  Dea  iii.  page  4,  Professor  Forbes,  referring  to  Chloritio 
Marl,  says: — "It  is  a  remarkable  stratum  abounding  in  peculiar 
fossils,  and  containing  numerous  Echinoderms.  I  have  examined  it 
and  found  the  small  variety  of  Oalerttes  castanea  plentifully  near 
the  village  of  Chaldon,  in  Dorsetshire."  "  Both  larger  and  smaller 
Tarieties  occur  near  Warminster."  Now  the  small  variety  of  Oaler- 
ties  castanea,  in  the  Isle  of  Wight,  belongs  especially  to  the  lower 
half  of  the  Chloritio  Marl  of  Ibbetson. 

It  appears,  therefore,  that  the  term  "Chloritio  Marl"  as  first 
applied  embraced  two  sets  of  strata  with,  in  time  at  least,  a  gap 
between  them. 

In  the  light  of  recent  researches  this  fact  has  become  more  evident 
than  it  could  possibly  have  been  in  former  times.  One  knows  now 
that  the  Cretaceous  rocks  do  not  exhibit  in  any  one  locality  a  perfect 
series.  Here  and  there  some  bed  is  wanting — rarely  indeed  without 
some  sign  or  indication  of  the  fact.  Pebble-beds,  grit-beds,  layers  of 
phosphatio  nodules,  lines  of  erosion,  and  sudden  changes  of  fauna,  all 
point  usually  to  missing  strata.  And  in  no  part  of  the  Cretaceous 
rocks  is  this,  perhaps,  more  frequently  evident  than  between  the 
Upper  Gault  and  the  Chalk  with  Inoceramus  labiatus.  To  illustrate 
this  one  need  but  follow  the,  already,  partly  recognized  life-zones  of 
the  intermediate  strata.  For,  thanks  to  Hebert,  Barrois,  and  other 
diligent  observers,  it  is  now  well-nigh  established  that  beneath  the 
Chalk  with  Inoceramus  labiatu8  one  finds,  or  ought  to  find,  the 
following  life-zones : — 

ff.  Zone  of  Belemnitea  plenus, 

/,         „     Holatter  tubglobotus. 

e,         „     Seaphites  iBqualU^T\iQ  zoxiQoi  AmmonitetlatidaviuafOi'RdiTohB. 

d         „•    Hoh.ternodulo,m{pimh^Tt).  J  =ThezoneofP«r/.»airp^,of 

b.        „     Ostrea  vesictdoaa,  and  Janira  quadrieottata  ) 

a.        „    Exogyra  eoniea  and  Cardiatter  foMariua =The  zone  o(  Ammonite*  in^ 

Jlatus (in  part),  of  Barrois. 

But,  at  Folkestone,  zones  a.  h.  c.  d.  are  missing.  At  Cambridge 
a,  b.  c,  d,  and  e.  are  missing.  While  near  Beer  Head  g.  in  places 
rests  on  d.  And,  probably,  because  the  bases  of  zones  d.  e.f.  g. 
contain  green  grains  and  remanie  phosphatio  fossils  in  some  localities, 
the  term  "  Chloritio  Marl "  has  been  at  various  times  applied  to  each 
and  all.  Nor  is  this  surprising.  For  one  finds  that  in  France  and 
Belgium  the,  to  some  extent,  equivalent  terms  "  Tourtia "  and 
"  Marne  Glauconieuse  "  have  been  also  not  infrequently  applied  to 
beds  of  various  ages. 

That  the  term  "  Chloritio  Marl "  is  then,  and  has  always  been,  a 
bad  one,  is  clear  enough.  Yet  this  in  no  way  afifects  the  correctness 
of  my  reference  of  beds  10  to  12  of  the  Devon  sections  to  Chloritio 
Marl.^  These  beds  embrace  the  Chloritio  Marl  of  the  Isle  of  Wight 
and  more  besides.     The  phoaphatic  fossils  in  bed  13  of  Beer  Head 

^  Quart.  Journ.  Geol.  Soc.  yoI.  xxx.  p.  386. 
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(referred  by  Barrois  to  Cbloritio  Marl)*  are  entirelj  remanie  of  older 
beds.  Bed  13  itself  is  of  the  zone  of  BelemniieB  plenui,  and  is 
followed  immediately  by  the  zone  of  Inoceramus .  lahiatuB.  Beoent 
investigation  has  proved  to  me  that  I  was  wrong  therefore  in  giving 
to  Hokuter  subglobostu  so  wide  a  ^range  in  my  tables  of  fossils.*  In 
the  vicinity  of  Beer  Head  Holaster  avbglohoaua  oocors  in  places  in 
bed  12.     Barely  between  beds  12  and  IS. 

Or,  in  the  Beer  Head  and  Bransoombe  oliffs : — 

Beds  16,  16,  14= The  zone  of  Inoeeramut  laHatus, 

Bed  13  s  The  zone  of  BehmniUt  plemui, 

Beds  12, 11, 10=  Condensed  life-zones  apparently  of : 

Holaster  tubglobosut, 

Seaphites  aqitalia, 

HoUuter  noduloiua, 

Triffonia  mUataria, 

Now  the  Upper  Greensand  (typical)  of  the  Isle  of  Wight — ^both 
Chert  Series  and  Malm  Series — is  fully  represented  in  the  Devon 
clifis  by  my  beds  6,  5,  4,  3.  Beds  8  and  9  not  being  present  in  the 
Isle  of  Wight  To  separate  beds  10,  11, 12  from  the  Upper  Green- 
sand  of  the  Devon  cliffs  does  not,  therefore,  in  any  way  diminish  the 
original  range  of  the  Upper  Greensand,  as  Mr.  Jokes  Browne 
apparently  supposes.' 

Moreover,  my  beds  8  and  9  with  OrhitoUtes  eoneava,  and  bed  10 
with  Trigonta  sulcaiariay  Codiopsis  domay  etc.,  represent  respectively 
the  "  Crate  de  Rouen '*  and  "  Ores  dn  Maine''  in  part,  of  Prof. 
Hebert.*  And  these  beds,  though  widely  developed  in  France,  seem 
absolutely  unrepresented  in  the  Isle  of  Wight.  And,  inasmuch  as 
the  position  of  beds  8  and  9  is  actually  between  the  Chert  Beds  of 
the  Isle  of  Wight  and  the  base  of  the  Chloritic  Marl  of  Ibbetson, 
there  is  in  tin's  again  a  further  reason  for  distinguishing  my 
Warminster  beds  (10,  11,  12)  from  the  Malm  Series  and  Chert 
Series  of  the  Upper  Greensand.  For  these  and  other  reasons  I 
cannot  agree  with  Dr.  C.  Barrois  and  Mr.  A.  J.  Jukes  Browne  in 
classifying  beds  10,  11,  12  with  tlie  Upper  Greensand. 

Neither  should  English  geologists  too  hastily  agree  with  Dr. 
Barrois'  definition  of  the  Upper  Greensand  as  found  in  England.* 
The  fauna  of  our  Upper  Greensand  is  a  poor  one  undoubtedly. 
And  it  is  true  enough  (as  Dr.  Barrois  says)  that  the  fauna  of  the 
Malm  Seiies  of  the  Upper  Greensand  approaches  to  that  of  Black- 
down,  and  the  faima  of  the  Chert  Series  to  that  of  Warminster. 
But  it  is  not,  therefore,  necessary  to  divide  the  Upper  Greensand. 
The  English  Upper  Greensand  fauna  has  never  been  worked  out 
carefully.  When  this  has  been  done  it  will  be  found  probably  to 
approach  more  nearly,  as  a  whole ^  to  that  of  the  **  Meule  de 
Bracquegnies  '*  than  separately  to  the   faunas   of  Blackdown  aiid 

^  Recherches  sur  le  Ter.  Cret.  de  I'ATigleterre,  Lille,  1876,  page  71. 

*  Quart.  Journ.  Geol.  Soc.  vol.  xxx.  p.  386. 
'  Geol.  Mao.  Dec.  II.  Vol.  IV.  p.  357. 

*  Bull.  Soc.  Geol.  de  France,  2®  ser.  vol.  xx. 

*  I/Age  lies  Couches  de   liluckdo\\Ti,  par  Ch.  Barrois,  An.  Soc.   Geol.  du  Xord, 
torn.  iii.  p.  1. 
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Warminster.  For  the  fossils  of  the  ''  Meule  de  Braoquegnies,"  so 
many  of  which  have  been  referred  by  MM.  Comet  and  Briart  to 
Blackdown  species,^  appear  to  me  to  form  rather  the  passage  fauna 
between  the  (in  England)  totally  distinct  faunas  of  Blackdown  and 
Warminster. 

While  thus  maintaining  the  correctness  of  correlating  beds  10  to 
12  and  the  Warminster  beds  of  Chute  Farm  with  the  Chloritic  Marl 
of  Ibbetson,  and  of  distinguishing  all  alike  from  the  Upper  Green- 
sand,  I  ought  at  the  same  time  to  admit  that  such  an  arrangement 
still  leaves  much  to  be  more  fully  determined.  Beds  10  to  12  and 
the  Warminster  beds  will  still,  to  some  extent,  represent  an  un- 
known quantity,  inasmuch  as  they  themselves  include  beds  of 
various  ages,  partly  remanie,  and  which  are  probably  elsewhere  very 
di£ferently  represented.  Judged  by  their  fauna  they  include  certainly 
two,  if  not  three,  divisions  of  the  French  and  Belgian  "  Tourtias," 
as  defined  by  MM.  Dumont,  Cornet  and  Briart,  Hebert,  Gk>sselet, 
Barrois, — and  in  part  also  the  "Griinsand  (Tourtia)  von  Essen." 
Fragmentary  beds  all  of  them,  existing  often  only  as  outliers,  and 
the  exact  correlation  of  which  even  Barrois '  finds  yet  difficult  to 
determine. 

IV. — On  the  Possibility  of  Chamoes  in  the  Latitudes  of  Places 
ON  THE  Eabth's  Sukfaoe  ;   beinq  a  Ebfly  to  Mb.  Hill's 
,       Lettbb. 

By  0.  FiSHEE,  COk.,  M.A.,  F.G.S. 

I  AM  grateful  to  Mr.  Hill  for  noticing  my  former  paper  "On 
Possible  Changes  of  Latitude  on  the  Earth's  Surface "  in  his 
letter,  October,  1878,  p.  479.  I  wish,  however,  that  he  had  gone  into 
the  subject  more  in  detail ;  in  which  case  1,  and  perhaps  others,  would 
have  felt  more  satisfied  with  his  reply.  He  epitomizes  my  appeal  to 
phyBicists  by  making  me  ask,  **  Assuming  that  a  thin  crust  surrounds 
a  fluid  substratum,  could  then  a  deformation  shift  the  crust  over 
the  nucleus  ?  "  And  he  replies  that,  Mr.  G.  Darwin  having  proved 
that  the  earth  is  "enormously  stiff,"  the  discussion  would  be  fruitless. 
But  in  this  statement  of  my  question  and  reply  to  it,  he  has  omitted 
what  seems  to  me  the  important  proviso,  balked  on  Hopkins'  reason- 
ing about  the  mode  of  cooling,  that  this  fluid  substratum  is  shallow, 
and  encloses  a  rigid  nucleus ;  and  given  no  reply  to  my  inquiry 
whether  such  a  supposition  might  not  afford  the  required  rigidity. 

Again,  referring  to  the  recent  disproof  of  Hopkins'  demonstration 
of  rigidity  drawn  from  the  amount  of  precession,  Mr.  Hill  argues 
that,  since  the  fluid  nucleus  being  spheroidal  and  rotating  would 
resist  the  tilting  force  which  produces  precession,  and  the  shell 
would  not  slide  freely,  ''  would  it  not  also  resist  the  tilting  tendency 
resulting  from  a  deformation  ?  "  I  am  not  quite  certain  that  I  under- 
stand this.  If  Mr.  Hill  means  that  the  rotation  would  compel  the 
fluid  substratum  to  retain  its  spheroidal  form,  so  that  a  rigid  crust 

^  Briart  et  Comet,  M^moires  de  TAcad^mie  R.  de  fielgique,  torn,  xxxiv. 
*  Mem.  sur  le  Terrain  Cr^tac6  des  Ardennes,  etc.,  par  Chas.  Barrois,  D.So., 
Lille,  1878,  p.  346. 
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could  not  slide  over  it,  I  grant  that  there  would  be  tmth  in  the 
objection.  But  if  the  crust  be  considered  flexible,  as  practically  it 
must  be  if  of  small  thickness  and  liable  to  corrogation,  then  I  do  not 
see  why  the  rotation  of  the  fluid  should  have  the  effect  of  preventing 
the  crust  slipping  over  the  nucleus,  and  adapting  itself  to  soch  & 
position  of  equilibrium,  as  any  irregularities  of  thickness  resulting 
from  corrugation  might  render  necessary  under  the  action  of  tbe 
centrifugal  force  and  gravitation. 

The  final  query  put  by  Mr.  Hill  is  this — "  Will  a  change  in 
latitudes  give  the  best  explanation  of  the  phenomena  ?  **  To  this  I 
reply,  that  we  have  four  chief  classes  of  facts  to  account  for  : 

1.  The  almost  ubiquitous  presence,  either  in  present  or  past  times, 
of  volcanic  action ;  apparently  showing  that  wherever  the  earth's 
surface  is  pierced  to  a  sufficient  depth,  a  molten  stratum  is  tapped. 

2.  The  capacity  for  slipping  towards  certain  lines  Dvhich  the  emst 
possesses,  as  proved  by  the  lateral  compression  of  the  strata 
along  the  flanks  of  mountain  chains. 

3.  The  amount  of  horizontal  compression  of  the  superficial  strata 
being  greater  than  the  cooling  of  a  solid  earth  can  account  for. 

4.  Changes  of  climate — notably  the  existence  of  a  warm  climate 
in  fonuer  times  near  the  North  Pole. 

These  are  the  phenomena,  and  it  appears  to  me  that  these  fonr 
classes  of  facts  point  convergently  towards  the  doctrine  of  a  fluid 
substratum.  It  is  quite  true  that  the  question  which  I  put  to  physicist? 
and  now  repeat  was  whether  a  fluid  auhstratum  over  a  rigid  nvckm 
would  not  be  compatible  with  mechanical  considerations,  and  tchether 
under  those  circumstances  changes  in  latitude  wonld-not  result  from  un- 
equal thickening  of  the  crust  f  And  I  suggested  that  the  present 
distribution  of  the  continents  gives  support  to  that  idea.  But  I 
was  not  seeking  'primarihj  to  account  for  changes  of  climate  in  that 
manner.  That  theory  belongs  to  Dr.  Evans;  and  he  has  ably 
defended  it  against  Dr.  Haughton's  somewhat  formidable  objections 
in  his  recent  address  to  the  British  Association  at  Dublin,  llie  sup- 
position alternative  to  Dr.  Evans',  by  which  Dr.  Haughton  would 
account  for  a  former  warm  climate  at  the  Pole  through  residual  heat 
in  the  earth,  has,  I  think,  been  disposed  of  by  anticipation  in  Sir  W. 
Thomson's  paper  on  the  Secular  Cooling. 

v.— On  the  Occurrence  of  Terebratula  Morieri  in  England. 

By  John  Francis  Walker,  M.A.,  F.G.S.,  etc. 

A  VALUABLE  paper  by  T.  Davidson,  Esq.,  F.R.S.,  appeared  in 
the  Proceedings  of  the  Dorset  Natuml  History  and  Antiquarian 
Field  Club  for  1877,  *'0n  the  species  of  Brachiopoda  that  occur  in 
the  Inferior  Oolite  at  Bradford  Abbas  and  its  vicinity."  Since  then, 
during  a  recent  visit  to  this  locality,  I  have  added  a  few  species  to 
this  list,  including  two  which  have  not  been  discovered  in  England 
before.  I  projiose  to  give  a  short  account  of  these  species,  and  also 
a  table  showing  the  relative  distribution  of  the  Brachiopoda  in  the 
Inferior  Oolite  and  Fuller's  Earth  deposits  at  Cheltenham  and 
France,  compared  with  this  district. 
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The  most  important  discovery  is  that  of  the  well-marked  species 
Terehratula  Moridrt,  which  has  hitherto  only  been  found  in  France. 
It  was  first  described  and  figured  by  Mr.  Davidson  in  the  Annals  of 
Natural  History  for  1852,  vol.  ix.  (second  series)  p.  266,  pi.  xiv.  fig.  3 
and  a,  6, — the  MS.  name  of  Terehratula  Morieri  having  been  given 
to  it  by  Deslongchamps  after  its  discoverer  M.  Mori^re.  It  was 
afterwards  described  and  figured  by  E.  Deslongchamps  in  1857, 
**  Catalogue  descriptif  des  Brachiopodes  du  sy st^me  Oolitique  Inferieur 
du  Calvados,"  p.  37,  pi.  iv.  fig.  6,  a,  5 ;  and  in  1877,  in  the  Paleon- 
tologie  Franqaise  Terrain  Jurassique,  Brachiopodes,  p.  244,  pi.  Ixv., 
figs.  1-8.  It  is  a  very  rare  species,  having  been  found  in  France  in 
only  one  locality,  Ste.  Honorine  des  Perthes  (Calvados),  in  the  white 
Oolite  of  Port-en -Bessin,  which  contains  Terehratula  PhiUipsiir 
Morris,  and  Rhynchonella  pUcatellaf  Sow. ;  these  species  occur  with  it 
in  England. 

There  appears  to  have  been  some  doubt  whether  in  France  this 
species  had  been  found  in  position,  or  in  a  loose  block  which  might 
have  fallen  from  the  Great  Oolite  above.  M.  Deslongchamps 
regarded  it  as  an  Inferior  Oolite  fossil,  but  the  finding  of  this 
species  settles  the  question  with  regard  to  its  age,  as  no  Great  Oolite 
occurs  in  the  quarry  from  which  I  obtained  this  specimen. 

Whilst  examining  the  well-known  quarry  at  Bradford  Abbas,  on 
the  farm  of  Prof.  Buckman,  I  picked  up  this  specimen  from  the 
horizon  of  Rhynchonella  parvula,  E.  DesL,  but  did  not  recognize  it 
until  I  commenced  to  clean  it ;  it  corresponds  in  all  respects  with 
the  figured  specimens,  showing  the  deep  sinus  in  both  valves  and 
the  peculiar  concentric  projecting  imbricated  ridges  which  well 
distinguish  this  species.  It  belongs  to  a  small  group,  of  which  it  is 
the  earliest  representative,  followed,  in  the  Fuller's  Earth  rock,  by 
Terehratula  reticulata  and  the  closely-allied  or  identical  species 
Terehratula  hyhrida,  and  in  the  Great  Oolite  by  Terehratula  coarctata. 
The  specimen  is  about  the  size  of  figure  7  in  pi.  66,  Pal.  Fran9. 
Brachiopodes  Jurassique.  It  is  well  preserved,  both  valves  being 
perfect  I  also  obtained  from  the  quarries  at  Half  Way  House  a 
specimen  of  Rhynchonella  suhdecoratOy  and  one  or  two  specimens  of 
Bhyn,  rtngens  unusually  large  for  English  specimens.  Also  three 
specimens  of  a  Waldheimia  which  appears  to  be  Waldheimta  sub^ 
hucculenta,  Chap,  et  Dew.,  and  probably  the  same  as  the  species 
figured,  but  not  named,  by  Mr.  Davidson  in  his  paper  on  the  Dorset 
Brachiopoda,  pi.  iii.  figs.  14-15.  Waldheimia  auhhucculenta  is  stated 
to  occur  in  France  in  the  lower  part  of  the  Fuller's  Earth,  but 

Erobably  what  in  England  would  be  called  the  upper  part  of  the 
aferior  Oolite.  It  is  a  species  which  is  closely  allied  to  W.  Waltoni, 
Dav.,  and  somewhat  resembles  W.  indentata  and  W.  perforata  of  the 
Lias;  W,  humeralis  of  the  Eimmeridge;  And pseudojurensia  of  theNeO'' 
oomian.  It  is  a  long,  narrow,  flat  shell,  tapering  towards  the  beak 
and  front  margin,  foramen  small,  beak  ridges  well  defined,  and  a  dark 
line  on  the  smaller  valve  indicates  the  presence  of  a  septum,  showing 
that  the  loop  was  long.  It  will  be  figured  with  the  other  species  in 
the  appendi]^  to  Mr.  Davidson's  supplement  to  his  great  work  on 
Jurassic  Brachiopoda. 
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Ltflr  Of  BsACKioroiiA  rouBD  n  thb  Iktsuob  OoLirm  akd  Fui.u».'i  Eun. 


'LiiiguUi  B*atiii,  FhilliM  (Torkaliire) 

*Duii»a  n^tza,  Bon.  (i'orkshire) 

Jhuirimtii,  On.  (Dundry) 

BUurHfii,  D»T.  ^■ailiworth) 

Ormim  Saimitrii.  Hoore  (Dundrj) 


DkkriuBiii,  Mooie  (Dinniiigtoa)  >. 

trimfulart,  D'Orb.    

<fHfif>c«(»M,  Moore  (Dondrj) 

ttrralum.  Moor*  rOanclrj) 

Forbaii,  Moora  (Dimdrj) 

tpttttuBt,  Moore  (Dundrj)    


Oalilief,  Moon,  (Dnndn) 

TtevinifHNlM  Butub-Unn;  Dit.  (Dimdi7) — 

7W«fra<u/a  ndmaiUla/a,  Horrii 

ptrtvalit.  Sow.   

Tsr.  BiBpti,  Buckmnn . 

Tsr.  Kleinii,  Lonurck   , 

FliiUijuii,  Moni" -_ , 

T»r.  Fkillip'iiiiiit,  Walker 

Vftlrieoia,  7.\e\eu  ,.,_ _. 

Bmclcmani,  D»t „ 

»W.  Biukm>im«>.a,  Walker  

•  trUiKfat:  Y.  and  B.  (YorkBhire) 

Samjhldrmi;  Day 

tpharoidalit,  Sow 

globat.     ~ 


dlipruiii.  Walker 


tonjlDtaln,  fe.  Deal. ™ „ 

Fetryi,  E.  Desl,     

SihrridsH,  Ubt.      

ITf.jAdi",  Dav.  , 

linpliz,  Buckmim 

plicata,  Bucknuu 

fimbria.  Sow 

galiiformu,  WCoj,  M3.  [near  Mincfain- 

himpbni] 

friiimlala.  Sow.  (Whatley,  Froma) 

XigtHda,  E   Deal. 

m/rfl-Oo/i/im,  E.  Deal 

SitpAani,  DaT.  ...„, _. 

dttipittu.  E.  Deal 

(Viuiif,  Da», 

»*A.i*tiin*  Walker        
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•  Wurtlmifgico,  Oppel  (GennMj) 

•  analogtUi/r,  HflhlZiet.  (Germanj) 

•  .Br.  Blahii,  Walter  (Yorluhiw)) 

> 

Xifirlia  Muniiri,  E.  Deil 

tyioetp'hala,  Eicbard 

•  Oow..,  Walker  {Luu»li»h.  iYorkih!') 

■  Siiu/mni,  Oppal  (Genmm)-)    

Ii^  a  qnany  near  the  bhoroli  at  MistertoQ,  near  Grewkerne,  I  fonnd 
a  buid  of  oUy  lying  on  the  top  of  the  Inferior  Oolite  Btone,  con- 
taining numerona  Bpecimena  of  a  variety  of  Waldheimia  Meriatia 
'  '  with  T.  (leMpteiw.     It  ia  probable  that  Boms  of  Uie 
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specimens  found  in  this  district,  referred  to  T.  Endesii,  Oppel,  maj 
belong  to  Terebratula  eonglobata.  Deal. 

I  have  thought  it  necessary,  in  drawing  up  the  preceding  table,  to 
give  the  spedes  found  in  the  Fuller*8  Earth  as  'well  as  those  fonnd 
in  the  Inferior  Oolite,  as  these  beds  are  closely  connected,  and  the 
division  may  have  been  dravm  differently  in  France  and  in  EngUnd. 

Bemaris. — The  specimens  which  occur  at  Dandiy  are  identical 
with  those  in  the  Sherborne  district;  but  the  small  shells  Thuiden, 
Zeilania,  etc.,  have  not  yet  been  found  in  the  latter  locality,  but  will 
be  sought  for  the  next  time  Prol  Bnckman's  qaarry  is  worked  for 
road-metal.  Several  Thecidea,  etc.,  and  more  Bhynchonella  may  oocnr 
in  France,  but  as  these  have  not  yet  been  described  in  the  Paleon- 
tologie  Fran^aise,  the  list  may  be  incomplete.  TerebrcUula  maxiOata 
and  Bhynchonella  concinna  have  been  stated  to  occur  in  the  Fuller's 
Earth  of  Sapperton  Tunnel  near  Cin;ncester,  bnt  a  bine  band  of  the 
Great  Oolite  was  cut  through  in  making  the  tunnel,  and  the  fossils 
from  it  were  mixed  with  those  from  the  Fuller's  Earth,  being  nearly 
the  same  colour.  It  ^ill  be  observed  that  the  species  peculiar  to 
the  Oolitic  Marl  of  Cheltenham  district,  as  Rhyn,  Lycettu  Dav.,  Il\fL 
subobsoleia,  Dav.,  Waldheimia  Leckenhyi,  Walker,  Terebratula  fim- 
bria j  Sow.,  Terebratula  submaxillata,  Ihiv.,  eta,  are  wanting  both  in 
the  Dorset  district  and  in  France ;  and  that  sevei&l  species,  as  Bh. 
rtngena,  Herault,  Bh.  parvula,  E.  Desl.,  Eh,  plieatella.  Sow.,  Bh,  senti- 
cosa,  V.  Buch,  Waldheimia  subbucculenta,  Chap,  et  Dew.,  W.  Waltoni, 
Dav.,  W,  emarginata,  Sow.,  Terebratula  decipienB,  E.  Desl.,  T  Ferryi, 
E.  Desl.,  r.  Jlorieriy  Desl.  and  Dav.,  T.  Stephaniy  Dav.,  T,  sphceroid- 
alisy  Sow.,  occur  in  France  and  Dorset  and  Somerset,  and  not  at 
Cheltenham.  Probably  some  Palaeozoic  barrier  separated  these  two 
areas  during  the  deposit  of  these  zones,  and  the  exact  equivalents 
may  not  be  able  to  be  found  on  comparing  the  diffei*ent  horizons  of 
the  Inferior  Oolite  of  these  districts.  The  Oolite  marl  be  ins:  absent 
in  France  and  Dorset ;  the  bed  containing  Bh,  ringens  has  not  been 
found  at  Cheltenham.  It  is  also  worthy  of  remark  that  the  Brachi- 
opoda  of  the  other  Oolitic  strata,  and  the  Lias  of  Somerset  and 
Dorset  contain  several  species  which  do  not  occur  in  other  parts  of 
England,  but  are  common  in  France. 


VI. — On  Mkyeria    Willettij,   a   New  Macroubous   CRUSTACKiy 

FROM  THE  Chalk  of  Sussex.* 

By  Henby  WooDWAiiD,  LL.D.,  F.R.S.,  F.G.S., 
of  the  British  Museum. 

THE  genus  Meyeria  was  established  by  Prof.  M*Coy,  in  1849,  for 
the  reception  of  certain  Crustaceans  from  the  Gault  and  Green- 
sand,  found  at  Speeton,  Yorkshire,  and  at  Atherfield,  in  the  Isle  of 
Wight.  A  new  form  has  been  most  obligingly  sent  to  me  for 
examination  by  Henry  Willett,  Esq.,  F.G.S.;  and  this  being  in 
a  more  perfect  state  of  preservation  than  any  heretofore  obtained, 

*  Originally  pubUsbed  in  Dixon  and  Jones'  Geology  of  Sunex,  1878,  p.  379. 
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enables  me  to  refer  to  the  same  species  about  eight  other  remains 
from  the  Chalk  preserved  in  the  British  Museum  and  including  the 
carapace  figured  on  pi.  xxxviii.  fig.  8  of  Dixon's  Geolo^  of  Sussex. 

M*Coy  considered  Meyeria  to  belong  to  the  family  Thalassinadm  : 
but  to  this  Prof.  Bell  demurs,  considering  it  ought  to  be  associated 
"with  the  Astacida,  the  division  sK^ross  the  exterior  plate  of  the  tail 
being  an  absolutely  distinctive  character  of  the  latter  family. 

It  will  be  observed  that  Mr.  Willett's  specimen,  figured  in  the 
annexed  woodcut,  agrees  more  nearly  in  size  with  Meyeria  omata, 


Meyeria  WHUitii,  H.  Woodw.    White  Chalk,  Lewes.    Natural  size. 

from  Speeton,  than  with  the  much  larger  species,  Meyeria  veetensia, 
from  Atherfield.  The  abdominal  somites  of  our  specimen,  however, 
are  not  ornamented,  as  in  M.  omata^  with  four  or  five  transverse 
elevated  rows  of  rounded  granulations,  but  are  nearly  plain,  as  in 
M,  vectensis,  save  that  each  segment  is  marked  by  two  lateral  grooves 
enclosing  a  somewhat  raised  area,  and  their  epimera  are  granulated 
and  furnished  with  small  spines  along  their  border,  which  is  trun- 
cated. The  median  lobe  of  the  tail  is  wanting,  but  two  lateral  lobes 
are  present,  the  outer  of  which  is  transversely  divided  along  the 
distal  border.  The  carapace  is  evenly  and  finely  granulated ;  the 
cervical  furrow  is  nearly  straight,  dividing  the  carapace  at  about  one 
third  of  its  length  from  the  front;  the  cardiac  furrow  is  clearly 
marked,  enclosing  a  broadly  triangular  area,  the  sides  of  which  slope 
upwards  on  either  hand  from  the  cervical  furrow,  and  meet  upon  the 
dorsal  line  near  the  posterior  margin  of  the  carapace. 

Three  nearly  parallel  ridges,  with  slightly  more  prominent 
granules,  mark  the  gastnc  region  of  the  carapace.  A  furrow, 
uniting  with  the  cervical  and  cardiac  furrows,  curves  around  the 
hepatic  region,  and  separates  it  from  the  other  regions  of  the 
carapace.  This  part  is  very  indistinct  in  Mr.  Willett's  specimen, 
but  is  well  shown  in  the  carapace  figured  by  Dixon. 

From  Mr.  Willett's  specimen,  and  still  more  clearly  marked  in 
one  of  Dr.  Mantell's,  we  learn  that  the  forearms  were  long,  slender. 
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and  bordered  by  small  spines,  the  Burfaoe  granalated,  and  the 
extremities  monodactylous. 

The  four  pairs  of  feet  were  long  and  slender,  their  surfiEioes  smooth 
(not  granulated  like  the  forearms),  and  their  edges  bordered  by 
small  spines.  Of  the  antennae  we  cannot  speak,  as  they  have  not 
been  preserved. 

The  specimen  figured  in  the  accompanying  woodcut  ^  is  from  the 
White  Chalk  of  Lewes,  and  probably  Dr.  Mantell's  and  Mr.  Dixon's 
specimens  are  from  the  same  locality.  There  is  also  a  closely 
allied,  if  not  identical,  species  preserved  in  the  British  Museum, 
from  the  Upper  Greensand  of  Wiltshire  (part  of  Mr.  W.  Cunnington's 
Collection),  and  another  from  near  Yentnor  (Chalk-rock?),  presented 
by  Prof.  T.  Rupert  Jones.  F.R.S. 

I  dedicate  this  species  to  H.  Willett,  Esq.,  F.G.S.,  whose  exertions 
on  behalf  of  the  Sub-Wealden  Boring,  the  completion  of  the 
palaeontology  of  the  Chalk,  and  the  success  of  the  Brighton  Museum, 
are  well  known  to  all  geologists. 


VII. — On  thb  OoouitBENGB  OP  A  Fossil  Tbee  (Glyptodkndbon) 
IN  THE  Clinton  Limestone  (base  of  Upper  Silurian),  or 
Ohio,  U.S. 

By  Professor  E.  W.  Claypolb,  B.A.,  B.Sc.  (London) ; 
of  Antioch  College,  Yellow  Springs,  Ohio. 

DURING  the  summer  of  1877  I  made  a  geological  excursion,  in 
company  with  one  of  my  students,  to  the  western  part  of  our 
State,  to  examine  the  junction  of  the  Upper  Silurian  ("Clinton"  of 
the  Ohio  Survey)  and  the  Cincinnati  group  of  the  Lower  Silurian. 
Whilst  thus  engaged  near  Eaton,  in  Preble  Co.,  ray  companion, 
Mr.  Levon  Siler,  of  that  town,  picked  up  and  handed  to  mo  a  slab 
bearing  what  appeared  to  be  a  mould  of  the  well-known  bark  of  the 
Leptdodendrorif  somewhat  weathered.  More  careful  examination 
confirmed  the  first  impression,  and  convinced  me  that  I  had  in- 
disputable proof  of  the  existence  of  arborescent  vegetation  of  an 
earlier  date  than  had  hitherto  been  announced  upon  equally  con- 
clusive evidence. 

The  fossil,  of  which  a  woodcut  accompanies  this  paper,  is  on 
the  surface  of  a  slab  of  marine  limestone.  It  measures  about  two 
inches  and  a  half,  by  two  inches,  and  contains  nearly  fifty  more 
or  less  distinct  scars,  such  as  mark  the  bark  of  a  Leptdodendroru 
Its  surface  is  cylindrically  concave,  and  has  just  such  an  impression 
as  a  round  stem  would  produce — that  is,  it  represents  a  segment  of 
a  cylindrical  surface,  of  the  dimensions  given  above,  and  depressed 
about  half  an  inch  in  the  middle.  The  squeeze  accurately  shows 
both  the  m.arks  and  the  curvature  of  the  surface. 

The  slab  containing  it  was  not  taken  out  of  the  solid  rock,  but 
picked  up  loose  on  the  surface  of  a  bank  close  to  the  junction  of  the 

^  For  permission  to  use  this  illustration  from  Dixon's  Geology  of  Sussex  (Nct? 
Edition,  1 87b)  we  are  indebted  to  the  kindness  of  the  publisher,  Mr.  W.  J.  Smith  ot 
Brighton. 
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Upper  and  Lower  Silurian  beds  which  are  here  in  jnitaposition  and 
conformable,  though  marked  at  their  junction  by  a  great  palaonto 
logical  break.  It  becomes  therefore  necessary  to  eet  forth  the 
eridenoe  fur  its  asBert«d  ^e. 


The  oldest  known  ti 


In  the  first  place  the  general  appearance  of  the  stone  is  snfGcient 
to  satisfy  any  one  praotically  familiar  with  the  locality  that  it  belongs 
to  the  horizon  above  mentioned.  It  is  a  slab  of  yellow,  coarse- 
grained, Eucrinital  limestone,  considerably  weathered,  exactly  like 
the  limestone  of  that  date  at  Eaton,  and  generally  on  the  outcrop 
around  the  Cincinnati  exposure.  In  the  second  place,  it  contains  on 
its  face  one  of  the  commonest  of  the  Corals  found  in  the  "  Clinton  " 
of  the  Ohio  Survey,  and  closely  resembling,  if  not  identical  with, 
Chateiet  lyeoperdon  (Hall),  from  the  Hudson  River  and  Clinton 
groups  in  New  York,  and  figured  in  the  first  and  second  volumes 
of  the  Report  of  the  New  York  Survey.  Thirdly,  from  the 
back  of  the  stone  I  chipped  out  a  piece  containing  a  small  Illcenui, 
the  young  of  lUeBtw*  liaytonenaii  (Hall  and  Whitfield),  Clinton 
group,  "  Ohio  Pal eeonto logy,"  vol.  ii. ;  or  possibly  of  J.  Varrientit 
(Mur.),  /.  toxHj  (Hall).  As  the  last-mentioned  genos  is  not  recog- 
nized above  the  Nit^&ra  (Wenlock)  Group,  this  specimen  is  suffi- 
cient to  determine  the  age  of  the  stone,  and  therefore  of  its  contained 
fossil-' 

At  the  outset  of  my  examination,  I  was  inclined  to  place  the  fossil 
in  the  genus  Lepidodendron ;  but  further  study  has  convinced  me 
that  it  cannot  rightly  be  referred  to  that  plant,  and  I  therefore  put  it 
by  itself  in  a  new  genus,  thus  defined  : — 

GLTPTODEHDROit.  TVec-like  stem  cylindrical  ;  surface  marked 
with  two  parallel  sets  of  ridges  running  spirally  np  the  stem  in 
opposite  directions,  crossing  each  other  and  thus  forming  rhomboidal 

'  Ths  foacil  wu  exhibited,  and  an  sddr«M  giTen  npon  it,  at  a  meating  a!  tba 
Natoial  History  Society  of  CinciDDati  on  Janoarj  1,  1S7B.  Hant  gentlenen  well 
aeouainted  with  the  geology  of  this  region  wero  there  present,  and  the  eTidauce  then 
and  there  aubmitted  was  uoaoimoualy  conaidered  cancliuiTg  on  the  ige  and  relatiDDa 
of  the  fo«aiL-£.  W.  C. 
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areolee.  Lower  portion  of  each  areole  depressed  and  probably 
representing,  or  containing,  a  leaf-scar.  I>epres8ed  portion  of 
areole  (leaf-scar?)  symmetrical  (t.e.  alike  on  right  and  left  sides). 
Vascular  scars,  leaves,  fruit,  etc.,  unknown.  Ely.  yXvifxay  I  engrave; 
from  the  depressed  areoles. 

I  append  the  following  specific  description  : — 

Glyptodendron  Eatonense.  Stem  thick  and  trunk-like,  the 
specimen  described  measured,  when  complete,  about  six  inches  in 
diameter.  Surface  divided  into  rbomboidal  areoles  by  two  sets  of 
narrow  ridges,  parallel  and  equidistant,  running  spirally  up  the 
stem  in  opposite  directions.  Tbese  ridges  cross  each  other  nearly 
at  rigbt  angles.  The  areoles  thus  formed  measure  about  seyen- 
sixteenths  of  an  inch  along  each  diagonal.  Liower  portion  of 
areole  deeply  and  evenly  depressed,  and  probably  representing 
a  sunken  leaf-scar.  Upper  border  of  depressed  portion  rounded  in 
outline,  and  elevated,  equalling  in  height  the  spiral  ridges.  £^. 
Eaton,  Preble  Co.,  Ohio,  near  which  town  the  specimen  was  found 

The  only  species  of  Lepidodendron  and  of  Sigillaria  yet  described 
from  American  rocks  older  than  the  Carboniferous  are  the  following 
in  order  of  time : — 

Lepidodendron  (SigillariaJ  Vanuxemi^  Gceppert,  1836;  "Flora  Silurisch.''  Chemtinf 

Group,  New  York.    Figured  in  "  Geology  of  3rd  Distaict  of  New  York,*' 

p.  184;   also  in  Dana's  "Manual,"  1874,  p.  277. 
Sigillaria  simplieitai^   Vanuxem,  1842 ;  "  Geology  of  3rd  District  of  New  York,** 

p.  190.     Catskill  Group. 
Lepidodendron  (SigillariaJ  Chtmungensey  Hall,  1843;  "Geology  of  4th  District," 

p.  276.    Chemung  Group. 
Lepidodendron  privfrvum,   Rogers,    1868;    "Geology    of    Pennsylvania,"  p.  828. 

Ilamilton  Group. 
Lepidodendi  < 


New  York,"  p.  157. 
Sigillaria  palpehra^  Dawson,  1862;    Quart.  Joura.   Geol.   Soc.  vol.   xviii.  p.  309, 

Hamilton  Group. 
Lepidodendron  corrugatum^  Dawson,  1860;  Quart.  Joum.  Geol.  Soc.  vol.    xv.  p.  68: 

from  Akron,  Ohio,  formerly  refem^d  to  the  Devonian,  is  now  re^rded  as  of 

Lower  ("arbouiferous  age ;  Dawson's  "  Report  on  Fossil  Plants  of  Canada," 

1871,  p.  34. 

The  following  table  will  show  the  relation  of  this  new  fossil  to 
those  of  the  two  genera,  named  above,  previously  known  in 
America: — (see  table  on  next  page). 

In  18G1  Dr.  Dawson  mentioned  the  occurrence  of  Psilophyton' 
princeps  in  the  Gaspe  Limestone  of  Lower  Helderberg  (Ludlow) 
age  in  Canada;  but,  from  that  time,  the  writer  is  not  aware  of  the 
announcement  of  any  discovery  of  like  nature  until  3  877,  when 
Dr.  Carl  Eoeninger,  State- Geologist  of  Michigan,  discovered  some 
specimens  of  land-plants  in  the  Lower  Helderberg  Limestone  of 
Monroe  County  in  that  State.  Tliese  specimens  were  sent  for 
determination  to  Mr.  Leo  Lesquereux,  of  Columbus,  Ohio,  who  has 
described  them  to  the  American  Philosophical  Society  at  Phila- 
delphia as  Paiiophyivm  cornutum,  Lesq.,  and  Annnlaria  Bccniugeri, 
Lesq.     With  these  exceptions,  no  indisjiutable  traces  of  land  plants 
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Lepidodend&on. 

SlOILLABIA. 

Cabbonxferous. 

60  sp.^ 

eosp.i 

' 

13  BD. 

Z.  eoitatumt  Lesq. 

„  eorrugatum,  Dawson. 

S 

ff  radioplieatum^  Dawson. 

„  aeuleatuntf  Stem. 

„  fomUatumy  l^sq. 

Sub-  or  Lower  Carbon- 

^  o^f^rMm,  Lesq. 

,f   Vellheimianum^  St«em. 

UCXUUB        ...M        •....        M... 

„  teobiniforme.  Meek. 
„  tetragonumy  8tem.' 
„  Sternbergiy  L.  &  H. 
,,  diplottegioideiy  Lesq. 
„  turbinatum,  Lesq. 

^ 

,y  H^orthsnanutitt  Lesq. 

Catskill 

„  Gasfnanum^  Dawson 

^.  iimplieitoM 

Chemung 

„  Chemungen9$ 
„   Vanuxemi 

4 

Hamilton-.^    ^^    »...    «^. 

II  jprtm<9trMi7i 

S.palpebra 

Comlferous     

Oriskany ^ ^    

Lower  Helderberg 

« 

Onondaga        — «.» 

!^lagara 

Clinton    ...^    .~..    .„„    .>„ 

Olyptodendron  EaUmmte^ 

Medina    ^    «... 

k 

Oneida  Conglomerate 

Hudson   River  (Cincinnati) 

Lower  Silurian 

have  yet  been  annonnced  from  the  American  Silurian  or  older  rocks, 
in  spite  of  their  immense  extent 

A  specimen  was,  however,  described  by  Lesquereux  in  1874 
("  American  Journal  of  Science,"  January)  as  a  land-plant  allied  to 
Sigillaria,  It  was  found  near  Lebanon,  Ohio,  about  35  miles  north- 
east of  Cincinnati,  and  was  thought  to  show  faint  traces  of  spiral 
marks,  like  those  upon  the  stem  of  Lepidodendron  or  Sigillaria.  Mr. 
Lesquereux  remarks  of  the  specimens  (for  there  were  two  species) : 

"  They  were  fragments  of  small  stems  or  branches,  one  about  two 
inches  thick,  cylindrical,  the  whole  substance  transformed  into  soft 
grey  clay,  the  bark  or  outer  surface  only  distinctly  moulded  into 
clayi  and  marked  by  rhomboidal  continuous  (sic:  contiguous?) 
enlarged  bolsters,  surrounding  the  stem  in  a  spiral,  bearing  at  the 
middle  a  small  oval  or  rhomboidal  scar,  less  distinct,  though  well 
recognizable,  and  presenting  the  character  of  stems  of  Sigillaria 
Menardi,  Br.,  or  of  Sigillaria  Serli^  Br." 

Professor  Newberry,  remarking  in  the  August  number  of  the 

*  See  Miller's  •*  American  Paleozoic  Fossils." 

'  S.  Zortr<iya»a,  given  in  the  above-quoted  Catalogue  as  "Lower  Carboniferous," 
is  from  the  Middle  Carboniferous  or  Coal-measures  ot  Cape  Breton.  See  Dawson's 
Keport,  1873. 

'  This  species  is  omitted  in  the  above  Catalogue,  but  see  Dawson's  Report,  1873. 

^  S.  Chetnufigenns,  of  the  same  Catalogue,  is  a  synonym  for  X.  Chemungense. 

'  Placed  in  itna  column  to  save  space.  This  position  is  not  inconsistent  with  the 
affinity  of  the  species. 

DECADB  U.— VOL.   V. — NO.    XIT.  ^^ 
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Bame  Journal,  on  these  specimens,  says  : — '*  They  had  been  in  my 
possession  some  time  before  the  publication  of  Mr.  Liesqaereiiz'i 
notice,  and  I  had  examined  them  with  some  care,  and  had  also  made 
careful  drawings  of  them.  As  the  result  of  my  examination,  I  am 
compelled  to  say  that  I  fail  to  find  either  in  the  external  charact^ 
or  internal  structure  of  these  specimens  any  satisfactory  evidence 
that  they  represent  land-plants — still  less  that  they  form  species  of 
the  genus  SigiUaria"  '*  They  are  simply  casts  in  earthy  limestone, 
without  carbonaceous  matter  or  any  traces  of  woody  tissue." 

In  the  "  Review  of  the  Fossil  Flora  of  North  America,"  1876, 
Mr.  Lesquereux  says  : — "A  few  cylindrical  branches  or  impressions 
of  branches  upon  clay,  bearing  upon  their  surface  rhomboidal  scans 
disposed  in  spirals  around  the  stem,  like  those  of  Lepidodendrcti, 
were  lately  discovered  in  the  Cincinnati  group  of  the  Middle 
Silurian.  As  they  were  found  associated  in  the  same  strata  with 
fragments  of  fucoids  and  deep-marine  Molluscs,  their  relation  was 
considered  as  being  rather  with  peculiar  forms  of  Algae." 

But  in  the  paper  aboVe  mentioned,  1877,  Mr.  Lesquereux  reasserts 
the  terrestrial  nature  of  these  specimens,. and  describes  them  under 
the  name  of  Protosttgma  sigillarioides.  The  genus  is  thus  defined. 
**  This  generic  name  is  provisionally  admitted  for  the  description  of 
fragments  of  stems,  whose  relation  to  species  of  Sigillana,  etc,  is 
surmised  from  the  rhomboidal  form  of  their  scars."  He  adds,  in 
the  introduction,  that  Professors  Dana,  Eaton,  and  Verrill  all  agree 
in  referring  the  remains  to  land-plants.  Where  such  distinguished 
authorities,  with  the  advantage  of  having  seen  the  specimens,  ex- 
press such  opposite  opinions,  the  matter  must  be  considered  at  least 
doubtful. 

Mr.  Lesquereux  also  describes,  in  the  same  paper,  two  other 
specimens  from  the  Cincinnati  group.  The  former  of  these  he  names 
Sphenophyllum  prtmavum^  and  the  latter  Psilophyton  graciWmunu 
The  opinion  of  so  eminent  and  experienced  a  palzeo botanist  is 
entitled  to  the  greatest  respect,  and  the  discovery  of  fossil  land- 
plants  of  Lower  Silurian  age  in  some  parts  of  America  is  by  no 
means  an  improbable  event.  It  is  right,  however,  to  observe  that 
the  latter  of  these  is  a  fossil  long  known  to  collectors  in  this  part 
of  the  country,  and  by  them  always  considered  to  bo  identical  with 
GrapiolithxLs  abnormis,  Hall,  from  the  Quebec  Group  of  Canada. 
This  alone  will  show  how  much  unceilainty  as  yet  attends  the 
identification  of  the  fossil.  In  regard  to  both  the  species  just  named 
serious  difficulties  also  arise  from  a  consideration  of  the  physical 
geology  of  the  region  at  the  time  in  question,  against  too  ready  a 
conclusion  in  favour  of  their  ton-estrial  origin,  and  especially  against 
the  probability  of  their  occurrence  near  Cincinnati.  During  the 
existence  of  the  Cincinnati  Ocean  of  Lower  Silurian  date,  the  whole 
of  the  interior  basin  was  under  water.  The  nearest  shores  were 
the  Blue  Kidge  of  the  Appalachian  chain,  on  the  east,  500  miles 
from  Cincinnati — the  Laurentian  highlands,  on  the  north,  at  about 
the  same  distance — the  Huronian  (?)  highlands  of  Michigan,  to  the 
north-west — the  present  site  of  the  Eocky  Mountains,  to  the  west — 
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and  the  high  grounds  of  Texas  to  the  south-west— all  at  yet 
greater  distances.  It  is  somewhat  difficult  to  conceive  of  the  pre- 
senration  of  a  filmy  frond  of  Sphenophyllum  during  a  voyage  of  so 
great  a  distance,  and  its  entombment  in  mid-ocean  in  a  recognizable 
condition.  The  same  objections  do  not  apply  with  equal  force  to 
the  preservation  of  a  stem  of  a  tree,  if  Protoatigma  was  such,  though 
it  may  be  doubted  if  any  other  case  has  come  to  light  of  the  discovery 
of  undoubted  fossil  wood  500  miles  from  the  nearest  contempo- 
raneous land. 

In  regard  to  the  fossil  described  in  the  present  paper,  the  case  is 
different  About  the  close  of  the  Lower  Silurian  age  an  uplift 
occurred  along  a  line  reaching  from  Ontario,  in  Canada,  to  Ten- 
nessee— the  forerunner  apparently  of  that  later  movement  which 
elevated  the  Alleghany  Mountains.  This  uplift  was  an  area  of  dry 
land  daring  the  interval  which,  in  this  region,  elapsed  between  the 
Lower  and  Upper  Silurian  formations.  The  return  of  the  sea  is 
marked  by  a  conglomerate  of  Lower  Silurian  pebbles  in  a  matrix 
of  Clinton  Limestone.  **  This  proves  that,  before  the  deposition  of 
the  Clinton,  the  Cincinnati  group  was  consolidated  into  rock  and 
raised  into  cliffs  and  shore-lines,  which  were  eaten  away  by  the 
waves  at  the  ocean-level  to  form  a  pebbly  beach." — "  Geology  of 
Ohio,"  vol.  i.  p.  103.  On  this  Cincinnati  Island  of  Upper  Silurian 
age  there  probably  grew  the  tree  of  which  a  part  produced  the 
impression  above  described  and  named.  At  the  same  time  the 
scarcity  of  such  relics  (no  other  having  yet  come  to  light),  where 
the  land  was  at  most  but  a  few  miles  distant,  brings  out  more 
strongly  the  improbability  of  finding  such  remains  in  the  Lower 
Silurian  rocks  of  the  same  locality,  when  the  Island  of  Cincinnati 
had  not  oome  into  existence. 

The  Silurian  Botany  of  Europe  is  equally  scanty.  The  Lyco- 
podiaceous  spore-cases  (Pachyiheca,  Hooker)  from  the  Ludlow  bone- 
bed  *  correspond,  in  date,  with  the  plants  from  the  Lower  Helderberg 
of  Michigan.  The  Sagenarta  (Le^dodendra)  of  the  Upper  Silurian 
of  Lobenstein,  and  of  Hostin,  Bohemia,  are  of  similar  age.  So  is 
Hostinella  also  from  Hostin. — Bigsby's  "Thesaurus  Siluricus,"  p.  194. 
Some  plant-remains  have  been  found  in  the  Upper  Silurian  rocks  of 
the  Eastern  Hartz  by  Ad.  Roemer,  see  "  Siluria,"  last  edition,  p.  391. 
In  the  Geologioal  Maoazinb  for  October,  1877,  Count  Saporta 
has  described  a  Fern,  from  the  Lower  or  Middle  Silurian  Slates 
of  Angers,  in  France,  as  Eopteris  Andegaveraia.  In  1859  Sir  R. 
Murchison  mentioned  the  existence  of  faint  traces  of  terrestrial 
vegetation  in  the  Lower  Silurian  rocks  of  Scotland  ("Siluria," 
p.  169).  These  are  all  the  instances  with  which  I  am  acquainted  of 
remains  of  land-plants  in  pre-Devonian  rocks  in  the  Old  World.  I 
omit  Eaphyton  as  far  too  doubtful  to  be  cited  in  evidence.  "  Tlie 
Eophyton  of  Torell,  from  a  much  lower  horizon  in  Sweden,"  says  Dr. 
Dawson,  ''I  regard  as  a  doubtful  plant,  similar  forms  being  apparently 
produced  by  impressions  of  feet  or  of  fins  upon  mud.  .  .  .  Whatever 
the  nature  of  these  forms,  they  are  present  in  the  Primordial  of 
*  These  little  organisms  have  been  of  late  referred  to  Algtc.— Editoiu 
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America.  Mr.  Murray  has  found  them  in  Newfoundland,  and  Mr. 
Selwyn  in  Nova  Scotia."  The  E.  explanatum  of  Mr.  Hicks  from 
the  Lower  Arenig  (Llandeilo)  rocks  of  Wales  is  apparently  some- 
thing quite  difiereiit ;  and  in  microscopic  structure  would  seem  to 
be  similar  to  that  of  the  Nematoacylon  of  the  Devonian,  if  it  be  a 
plant  at  all,  and  not  a  marine  organism. — Dawson,  **  Fossil  Plants  of 
Canada,"  1871,  p.  79. 

I  desire,  in  conclusion,  to  express  my  obligation  to  Dr.  J.  W. 
Dawson,  of  Montreal,  for  valuable  assistance  willingly  rendered,  and 
to  Mr.  Leo  Lesquereux,  of  Columbus,  Ohio,  for  kind  and  prompt 
replies  to  letters  of  inquiry.' 
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L — Memoirs  of  the  Oeological  Survey  op  England  and  Wales. 

1.  The  Eruptive  Eocks  of  Brent  Tor  and  its  Nsighbourhood. 
By  Frank  Eutley,  F.G.S. 

2.  The  Chimjeroid  Fishes  of  the  British  Crbtaokous  Books. 
By  E.  T.  Newton,  F.G.S.     (London,  1878.) 

rilHE  above  works  on  very  different  subjects  indicate  the  progress 
J_  of  research  carried  on  by  the  Geological  Survey,  and  form 
valuable  additions  to  their  other  publications.  The  first  memoir 
comprises  a  description  of  a  limited  district  around  Brent  Tor, 
which  was  surveyed  nearly  fifty  years  ago  by  Sir  H.  De  la  Beclie, 
recorded  in  his  Eeport  on  the  Geology  of  Cornwall,  Devon,  and 
West  Somerset,  to  which  work  the  investigations  of  Mr.  Eutley 
may  be  considered  as  a  sequel.  Within  the  district  of  about  sixty 
square  miles  occur  many  highly-interesting  and  peculiar  eruptive 
rocks,  some  intruded  through,  and  others  iuterbedded  with,  the 
Carboniferous  and  Devonian  strata  which  lie  on  the  west  of  Dart- 
moor. The  object  of  the  author  being  to  elucidate  (1)  the  mineral 
composition  and  structure  of  the  different  rocks  as  observed  in  the 
fiehl,  and  of  which  a  detailed  account  is  given  in  the  first  part, 
illustrated  by  some  artistic  sketches  of  their  physical  features  and 
other  characters  in  plates  2  to  6 ;  (2)  to  investigate,  by  means  of 
the  microscope,  the  more  minute  structure  of  selected  specimens  of 
the  rocks,  a  mode  of  research  which,  during  the  last  few  years,  has 
materially  assisted  the  labours  of  the  petrologist: — twebty-seven 
different  rocks  are  clearly  described,  and  some  of  them  are  lieAuti- 
fully  illustrated  by  enlarged  coloured  figures  (plates  8  to  10)  from 
Mr.  Rutley's  careful  microscopic  drawings.  Tlie  third  part  com- 
prises remarks  on  the  probable  conditions  under  which  the  igneous 

^  "Proceed.  American  Philosophical  Society"  (Philadelphia),  vol.  xrii.  Xo.  100, 
1877,  p.  163,  etc.,  Leo  Lesquereux,  *'  On  Land-plants  recently  discovered  in  the 
Siluriau  Kocks  of  the  United  States."  Read  October  19th,  1877;  printed  January 
7th,  1878. 

Psilophi/tum  grneiUimum  (p.  164),  sp.  n. 

cornutum  (p.  165),  sp.  n. 

Annularia  Romingeri  {^.  166),  sp.  n. 

Sphetiophyllum  primavum  (p.  167),  Lesqx. 

Fioto9tigma  aigillariouki  (p.  169),  sp.  n. — Editor. 
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and  sedimentary  rooks  were  formed,  and  the  oonclusions  arrived  at 
from  the  observations  made  in  the  preceding  parts  (L  11.)  serve  to 
show  that  the  views  entertained  by  Sir  H.  de  la  Beche  are  in  the 
main  correct,  and  represent  a  vast  amount  of  truth,  derived  simply 
from  observations  in  the  field. 

These  three  parts  are  preceded  by  some  useful  remarks  on  the 
application  of  the  microscope  to  petrological  research,  being  the  first 

rial  petrographical  work  issued  by  the  Geological  Survey.  In 
introduction  the  author  dwells  briefly  upon  the  microscopic 
characters  of  a  very  few  of  the  common  minerals  which  help  to 
form  eruptive  rocks,  and  of  a  few  of  the  most  interesting  questions 
relating  to  those  rocks  themselves.  Besides  which,  he  points  out 
how  far  the  evidence  to  be  derived  from  a  microscopical  examina- 
tion of  rocks  can  be  relied  on,  and  how  far  the  older  methods  of 
determination  formerly,  and  now,  at  the  field  geologist's  disposal, 
can  assist,  and  in  some  cases  rival,  the  work  performed  by  more 
elaborate  appliances.  This  introductory  essay  will  be  a  valuable 
guide  for  the  student  in  his  investigation  of  the  mineral  composition 
and  minute  structure  of  eruptive  rocks. 

2.  The  monograph  by  Mr.  Newton  on  the  Chimseroid  fishes  of  the 
British  Cretaceous  rocks  may  be  considered  as  a  continuation  of 
the  description  of  fossil  fishes  published  in  the  previous  Decades  of 
the  Geological  Survey,  and  is  the  result  of  a  careful  investigation 
of  a  large  series  of  specimens  in  the  Museum  of  Practical  Greology, 
the  British  Museum,  and  other  collections,  which  are  fully  acknow- 
ledged in  the  preface.  This  examination  has  materially  increased 
the  knowledge  of  this  group  of  fishes,  and  enabled  the  author  to 
correlate  the  various  parts  of  certain  known  species,  as  well  as  to 
establish  species  for  the  reception  of  several  new  forms,  or  varieties 
related  to  them.  As  the  author  remarks,  ''Every  palaeontologist  will 
appreciate  the  difiiculty  experienced  in  determining  what  differences 
in  fossil  forms  should  be  regarded  as  of  generic,  specific,  or  varietal 
value.  And  bearing  in  mind  the  individual  variations  and  the  con- 
sequent gradual  evolution  of  new  and  distinct  forms,  which  has 
doubtless  taken  place  in  past  times,  it  is  obvious,  that  any  lines  of 
division  must  of  necessity  be  drawn  more  or  less  arbitrarily,  and 
although  it  is  found  convenient  to  make  such  divisions,  yet  from  the 
very  nature  of  the  case  they  must  be  to  some  extent  unnatural."  In 
the  historical  and  general  remarks,  the  previous  labours  of  Dr. 
Buckland  are  noticed,  who  first  recognized  (more  than  40  years 
ago)  the  Chinueroid  affinities  of  certain  fossil  beak-like  bodies  in 
the  Mesozoic  and  Tertiary  strata.  This  group  was  further  described 
in  two  valuable  memoirs,  by  Sir  Philip  Egerton  (Quart.  Journ. 
Geol.  Soc.  1843-47), who  established  five  genera  which  have  since 
been  universally  adopted  in  this  country. 

As  there  has  been  some  discrepancy  between  the  authors  who 
have  written  about  fossil  ChimsBroids,  in  regard  to  the  names  given 
to  the  different  parts,  Mr.  Newton,  in  his  remarks  on  the  nomen- 
clature, has  explained  the  terms  which  are  employed  in  this  memoir, 
and  has  also  given  in  a  tabular  form  the  more  important  characters 
of  the  genera. 
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The  species  belonging  to  four  genera  are  described;  three  of  them 
are  British — Edaphodon,  Ischyodus,  Elasmognathus ;  the  fourth  in- 
cludes a  species  from  the  Cretaceous  rocks  of  New  Zealand,  belong- 
ing to  the  recent  genus  CaUorhynehua,  The  twelve  plates  (which 
might  have  been  improved)  fully  illustrate  the  descriptions,  and 
show  the  correlation  and  characters  of  the  different  parts  figured. 

In  comparing  the  prices  of  the  above  two  Memoirs,  there  appears 
to  be  something  anomalous  in  their  respective  prices,  one  (Memoir 
No.  1)  being  three  times  as  much  as  the  other,  although  each  con- 
tains the  same  number  of  pages,  and  the  plates  of  the  cheaper  one 
(twelve)  exceeding  both  in  number,  fullness,  and  size  those  of  the 
other.  Whether  the  cost  of  production  of  the  two  is  very  different^ 
or  whether  petrology  ranks  higher  in  the  minds  of  the  issue  depart- 
ment than  palaeontology,  and  hence  its  greater  price,  or  whether  the 
latter  is  the  more  favoured  science,  and  hence  furnished  at  a  cheaper 
rate,  it  is  somewhat  difficult  to  understand.  These  restrictive  high 
prices,  fts  Mr.  Butley's  memoir  and  the  previous  ones  by  Mr.  De 
Kance  and  Mr.  Skertchly,  preclude  the  student  from  possessing 
these  real  useful  works. 

The  foregoing  table  of  the  ^neric  characters  of  chimsBroid  fishes 
is  taken  from  the  author's  work. 


11. — Australian  Paleontology. 
•  A  Cataloque  of  Australian  Fossils  (including  Tasmania  and 
THE  Island  of  Timor)  Stratigrafhioally  and  Zoologically 
Arranged.  By  Bobert  Ethbridgb,  Jun.,  F.G.S.  Edited  for 
the  Syndics  of  the  University  Press.  8vo.  pp.  240.  (Cam- 
bridge :  At  the  University  Press,  1878 ;  London :  Deighton,  Bell, 
&  Co. ;  and  Cambridge  Warehouse,  17,  Paternoster  Bow.) 

THE  distribution  of  Animal  and  Vegetable  Life  in  former  periods 
of  the  Earth's  History  must  always  be  interesting  to  the  geolo- 
gist. Any  Catalogue  of  Fossils  therefore,  whether  of  a  Formation 
or  of  a  country,  when  carefully  prepared,  cannot  fail  to  be  a  most 
useful  contribution  to  our  knowledge. 

Viewed  in  this  light,  we  heartily  welcome  the  list  of  Australian 
Fossils  by  Mr.  Bobert  Etheridge,  jun.,  not  only  as  an  exceedingly 
convenient  work  of  reference,  but  also  because  it  exemplifies  in  a 
remarkable  degree  the  rapid  strides  which  the  Geology  and  Palsaon- 
tology  of  Australia  have  made  within  a  comparatively  few  years. 

This  work  was  originally  commenced  in  conjunction  with  his 
former  colleague  Mr.  Norman  Taylor,  in  1868,  merely  with  a  view 
of  carrying  out  more  effectively  their  duties  in  connexion  with  the 
Geological  Survey  of  Victoria,  on  which  Mr.  Etheridge  was  at  that 
time  an  Assistant-Geologist.  But  the  Survey  (so  ably  conducted 
by  Mr.  A.  B.  C.  Selwyn,  F.B.S.)  was  abruptly  concluded  by  the 
Victorian  Government,  before  its  completion,  and  the  projected 
Catalogue  was  for  the  time  abandoned. 

It  was  resumed,  however,  by  Mr.  Bobert  Etheridge,  jun.,  alone  in 
1871,  and  he  has  since  continued  the  task  until  its  publication  in 
September  of  the  present  year ;  so  that  the  work  before  us  may  be 
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considered  as  a  faithful  record  of  Australian  Paladontology  up  to  the 
year  1878. 

The  genera  and  species  are  primarily  arranged  in  zoological  order 
in  classes,  but  alphabetically  under  each  class,  for  more  ready  and 
convenient  reference ;  the  whole  being  divided  into  five  stratigraphi- 
cal  subdivisions,  viz. : — Silurian,  Middle  and  Upper  Palaeozoic  (in- 
cluding the  Devonian  and  Carboniferous),  Mesozoio,  Tertiary,  and 
Post-Tertiary.  All  the  more  important  references  are  made  to  each 
of  the  species,  and  the  principal  localities  are  also  given ;  those 
works  in  which  a  detailed  description  or  figure  is  to  be  found  are 
denoted  by  an  asterisk  placed  before  them. 

The  great  labour  involved  in  preparing  this  Catalogue  may  be 
partly  estimated  by  stating  that  the  list  includes  nearly  500  genera 
and  some  1450  species,  and  that  the  separate  works,  reports  and 
papers  consulted  in  the  preparation  of  this  Catalogue  of  Australian 
and  Tasmanian  Fossils  amounts  to  more  than  500  in  number. 

Apart  from  the  number  of  papers  referred  to  for  single  species, 
and  for  species  identified  with  descriptions  already  published,  the 
Chronicles  of  Australian  Palaeontology  have  mainly  been  enriched  by 
the  labours  of  Professor  Owen,  the  Rev.  J.  E.  Tenison  Wood,  Prof. 
F.  M*Coy,  Prof.  L.  G.  de  Koninck,  Prof.  P.  Martin  Duncan,  Eev, 
W.  B.  Clarke,  Prof.  J.  Morris,  Mr.  R.  Etheridge,  and  Mr.  R.  Ethe- 
ridge,  jun.,  Mr.  W.  Carruthers,  Mr.  C.  Moore,  Mr.  J.  W.  Salter, 
Prof.  Dana,  and  Mr.  Thomas  Davidson. 

The  publication  of  this  volume  is  due  to  the  liberality  of  the 
Syndics  of  the  Cambridge  University  Press,  who  have  thus  conferred 
a  boon  on  the  Colony  of  Australia  and  a  great  service  to  geological 
science  by  enabling  the  author  to  produce  in  so  excellent  a  form  this 
first  attempt  at  a  complete  list  of  Australian  Fossil  Organic  Remains. 

J.  M. 

III. — Australian  Geology. 

1.  Annual  Report  of  the   Department  of  Mines,  New  South 

Wales,  for  the  year  1877.     (Sydney,  1878.) 

2.  Remarks   on   the    Sedimentary  Formations    of    New   South 

Wales.      By  the  Rev.  W.  B.  Clarke,  M.A.,  F.R.S.      Fourth 
edition.     (Sydney,  1878.) 

THE  Report  of  more  than  200  4to.  pages  on  Mines  and  Mineral 
Products  of  New  South  Wales  comprises  the  results  of  the  ex- 
plorations of  the  Mining  Registrars  and  Geological  Surveyors,  carried 
on  during  1877  in  the  different  mining  districts  of  that  colony,  and 
contains  much  practical  and  statistical  information,  accompanied  in 
some  cases  by  geological  maps  and  sections  of  strata.  During  the 
year,  locality  maps  of  three  of  the  principal  Gold  Fields  have  been 
completed,  representing  an  area  of  about  seventy-three  square  miles, 
and  many  valuable  additions  have  been  made  to  the  mineral  and 
fossil  collections  of  the  Department,  and  a  collection  has  also  been 
forwarded  to  the  Paris  Exhibition,  illustrative  of  the  mineral  re- 
sources and  geology  of  the  colony.  The  Report  states  that  the 
aggregate  value  of  the  minerals  raised  during  the  year  1877  amounts 
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to  £2,233461  2b,  6(2.,  showing  a  considerable  increase  over  the 
previous  year,  of  which  minerals,  after  coal,  tin  yielded  the  largest 
amount,  £508,540,  exceeding  that  either  of  gold  or  copper,  the  other 
metals,  iron,  antimony,  and  lead,  being  in  far  less  proportions. 

2.  The  work  by  the  Rev.  W.  B.  Clarke  is  probably  the  last  of  the 
published  results  of  his  labours  before  his  death  (noticed  p.  379), 
and  is  only  one  among  his  many  contributions  to  the  advancement 
of  geological  science,  especially  that  of  Australia,  which  has  occupied 
a  considerable  portion  of  his  life.  The  present  edition  is  the  fourth 
of  a  series,  descriptive  of  the  sedimentary  formations  of  New  South 
Wales,  the  first  of  which  was  published  in  a  catalogue  of  the  natural 
products  of  the  colony  forwarded  to  the  Paris  Exhibition  of  1867, 
and  subsequently  improved  in  the  2nd  and  3rd  editions  (1870, 
1876).  It  is  now  considerably  enlarged,  and  contains  much  fresh 
information  brought  up  to  the  latest  period,  and  is  dedicated  to  the 
Congress  of  Geologists  assembled  at  Paris  in  connexion  with  the 
International  Exhibition  of  this  year.  The  formations  noticed  are, 
the  Azoic  and  Metamorphic  rocks,  the  Lower,  Middle,  and  Upper 
Palaeozoic  rocks,  the  Lower  and  Upper  Mesozoic  strata,  and  the 
Tertiary  rocks, — of  the  latter  it  appears  thrft  "  throughout  the  whole 
of  Eastern  Australia,  including  New  South  Wales  and  Queensland, 
no  Tertiary  Marine  deposits  have  been  discovered.  There  are, 
however,  patches  of  plant  deposits  which  may  be  referred  to  some 
period  of  the  Tertiary  epoch,"  (p.  89.)  The  Quaternary  formation, 
so  interesting  from  the  remarkable  fossil  remains  found  in  it,  and 
the  recent  accumulations,  are  noticed  in  the  last  section.  In  this 
memoir  no  general  notice  is  taken  of  igneous  rocks,  but  it  may  be 
stated  that  there  is,  in  all  the  various  sedimentary  formations  noticed, 
distinct  evidence  of  the  presence  of  igneous  action,  and  their  trans- 
mutation through  such  and  allied  agencies  has  left  an  impress  on 
all  the  rocks  more  or  less  concerned. 

Those  interested  in  the  comparative  study  of  the  sedimentary 
strata  will  find  Mr.  Clarke's  paper  of  considerable  value,  as  showing 
the  results  of  a  continued  study  of  the  fossiliferous  deposits  of 
Australia,— one  of  which  at  least,  the  Carboniferous  formation,  has 
been  the  subject  of  some  controversy,  the  main  points  of  which  are 
fully  discussed  by  the  author,  both  as  regards  its  contained  fauna 
and  flora,  and  its  connexion  with  other  deposits  in  Australasia, 
China  and  India  (pp.  26-66),  and  which,  as  well  as  the  remarks  on 
other  formations,  are  supplemented  by  fifteen  appendices  containing 
lists  of  fossils  of  New  South  Wales  described  by  European  palaeon- 
tologists. 

rV. — ^The  County  op  Edinbukgh,  its  Geology,  Aqrioulturb,  and 
Meteorology.  By  Ralph  Riohabdson,  F.R.S.E.  (Edinburgh: 
Adam  and  Charles  Black,  1878.) 

THIS  essay  fulfils  what  the  title  indicates,  an  account  of  the 
geology,  meteorology,  and  agriculture  of  the  metropolitan 
county  of  Scotland,  preceded  by  some  general  observations  on  its 
physical  features,  superficial  area,  subdivisions,  and  annual  value  of 
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the  estimated  acreage  of  property.  This  oounty  has  long  been 
considered  a  classical  field  to  the  geologist,  as  it  presents  some  of 
the  finest  examples  of  geological  phenomena,  whether  as  connected 
with  igneous  or  stratified  rocks,  or  with  physical  and  palsBontological 
geology.  The  main  formations  of  Mid-Lothian  are  Palaaozoic»  from 
the  Silurian  to  the  Carboniferous,  with  the  associated  igneous  rocks, 
over  which  is  irregularly  spread  a  more  or  less  deep  covering  of 
glacial  or  boulder  clay. 

The  county  of  Edinburgh  in  regard  to  its  agricultnre  takes  a 
high  position.  Not  only  have  her  farmers  brought  this  science  to  a 
standard  of  perfection  rarely  attained,  but  the  agricultural  produce 
and  value  of  land  in  the  better  portions  of  the  county  are  ex- 
ceptionally good.  The  relative  value  of  the  land  is  clearly  shown 
by  means  of  colours  on  the  agricultural  map  of  the  county  accom- 
panying this  paper,  and  which  is  based  on  Prof.  A.  Delesse's 
*'  Carte  Agricole  de  la  France  "  noticed  in  this  Magazine  (Dec.  IL 
Vol.  IV.  p.  474).  The  annual  rentals  are  given  under  nine  divisions, 
ranging  from  £1  to  £20  and  £40  per  acre,  these  being  dependent  on 
the  nature  of  the  soil  and  the  favourable  position  of  the  farms,  those 
near  the  metropolis  being  the  most  highly  rented.  The  meteorology 
is  simply  considered  with  regard  to  the  temperature,  rainfall,  and 
altitude,  these  being  the  three  main  meteorological  topics  of  agri- 
cultural interest.  This  essay  is  certain  to  prove  of  value  to  those 
interested  in  the  district. 


V. — Manuals  of  Elementary  Science.     Crystallography.     By 
Henry   Palin   Gurney,  M.A.      Fcap.  8vo.  pp.    128,    with  46 
.woodcuts.    Is.    (London,  1878 :   Society  for  Promoting  Christian 
Knowledge.) 

THE  systematic  study  of  scientific  Crystallography  has  certainly 
but  few  admirers,  in  this  country  at  least.  "  Its  great  import- 
ance to  the  chemist,  the  physicist,  and  the  geologist  cannot,"  as  the 
author  of  the  work  which  we  are  now  noticing  truly  saj^s  in  his 
preface,  *'  be  questioned."  The  fact  is,  that  the  subject  is  beset  with 
mathematical  abstruseness,  and  has  been  hitherto  without  suitable 
introductory  manuals.  Many  students  have  consequently  been 
driven  to  empirical  systems,  which  are  little  better  than  the  learning 
by  rote  of  a  number  of  geometrical  forms.  We  have  met  with 
many  other  students  whose  knowledge  of  minerals  is  that  only  of 
the  chemist,  or  even  of  the  miner.  The  object  of  the  present  little 
work  is  to  introduce  the  subject  scientifically  to  the  non-mathe- 
matical. Wo  are  at  a  loss  to  know  for  whom  such  works  as  the 
present,  and  Professor  Clerk  Maxwell's  Mailer  and  Motiofiy  in  the 
same  series,  are  designed  by  their  publishers;  since  surely  the  some- 
what advanced  students  in  special  lines  of  scientific  research,  who 
alone  can  appreciate  them,  would  gladly  pay  double  or  treble  their 
price  and  possess  the  author's  ideas  lucidly  expressed  in  unconfined 
space.  These  manuals,  however,  certainly  contain  a  vast  amount  of 
useful  matter.  The  two  main  points  of  merit  in  Mr.  Gurney 's  book 
are,   first,  the   clear,  unmathematical   text,  supplemented  by  some 
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mathematical  matter  in  an  appendix;  and  secondly,  the  natural 
sequence  adopted  for  the  crystallographic  systems,  from  the  simplest, 
^▼iz.  the  Anorthic,  to  the  most  complex,  the  Cubia  This  step, 
analogous  to  that  which  makes  our  modem  geologists  and  biologists 
commenoe  with  Laurentian,  Protozoa,  and  Protophyta,  is  one  of  the 
greatest  philosophical  importance.  Had  space  permitted  it,  we 
should  have  liked  a  little  more  information  on  crystallogenesis,  more 
references  to  the  history  of  the  science,  a  description  of  the  Reflective 
Goniometer  of  Wollaston,  and  more  detail  in  chapter  xvii.,  which 
treats  of  Hhe  Physical  Symmetry  of  Crystals.'  In  a  subsequent 
edition  we  may  suggest  that  the  italicizing  of  all  technical  terms 
when  they  first  occur  should  be  more  uniformly  carried  out,  that 
more  references  to  figures  be  inserted  in  the  text,  and  that  the  dia- 
grams for  finding  the  symbol  of  a  zone  when  those  of  two  faces  are 
known,  and  for  finding  the  symbol  of  a  face  common  to  two  zones, 
on  pp.  23,  24,  be  made  clearer.  The  term  'holohedral  forms', 
though  mentioned  in  the  index,  is  only  defined  by  implication; 
'  deutosystematio '  on  p.  72  should,  we  presume,  be  '  deuterosyste- 
matic ; '  and  Naumann's  Method  of  Projection  is  only  attributed  to 
him  in  the  *  Oontents '  I  ^  We  would  particularly  call  students'  atten- 
tion to  the  excellent  series  of  terms  proposed  by  Professor  Maske- 
lyne,  given  on  p.  64,  and  to  Mr.  Gumey's  triumphant  proof,  on 
p.  59,  that  the  three  rhombohedral  planes  of  symmetry  represent  the 
holohedral  type  of  the  system,  and  that  the  double  six-sided  pyramid 
is  merely  a  combination  of  two  rhombohedra-  We  sincerely  con- 
gratulate the  author  on  his  useful  contribution  to  science;  and  can 
only  regret  that  the  majority  of  those  pupils  whom  he  has,  during 
some  years,  instructed  in  the  substance  of  this  work,  have  gone  to 
India  in  a  capacity  in  which  science  can  only  be  the  hobby  of  hard- 
worked  men ;  so  that  we  can  hope  for  but  little  fruit  from  their 
knowledge  of  crystallography.  G.  S.  B. 


OOieieES:E>OITX)EITOEI- 


CLAY  BOULDERS. 

Sib, — An  interesting  phenomenon  which  may  assist  to  explain  the 
structure  of  certain  argillaceous  rocks  is  ^ow  to  be  observed  on  the 
Crosby  shore  near  the  Kiver  Alt. 

Some  time  since  a  trench  had  been  cut  in  the  blue  clay,  which 
underlies  the  Peat  and  Forest  Bed,'  in  a  south-westerly  direction 
across  the  shore.  For  many  years  this  trough,  though  filled  by  the 
tide  at  springs,  has  remained  open,  with  simply  a  deposit  of  sand  on 
the  bottom.  I  have  not  measured  it,  but  I  should  judge  the  trench 
to  have  been  about  fifty  yards  long,  five  feet  wide,  and  two  feet 
deep.  At  the  present  moment  it  is  filled  up  nearly  to  the  surface 
with  an  agglomeration  of  rounded  lumps  of  clay  more  or  less  com- 
pacted together.     The  clay  boulders,  for  such  they  are,  vary  in  size 

^  Where  his  name  eyen  is  mis-spelt. 

^  See  *'The  Submarine  Forest  at  the  Alt  Mouth,"  Quart  Joum.  Geol.  Soo.  Yol. 
xzziy.  pp.  447-t),  and  other  papers  therein  referred  to. 
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from  eighteen  inches  on  the  longer  axis  to  the  size  of  a  bean,  and 
from  a  spherical  to  an  ellipsoidal  figure. 

We  have  not  far  to  seek  for  their  origin,  as  a  visit  to  the  lower 
edge  of  the  peat  frayed  into  a  sort  of  subtidal  cliff  or  series  of  cliffs 
by  the  encroachments  of  the  sea  shows  a  deposit  of  similar  clay 
boulders  at  its  base.  In  the  neighbourhood  of  the  trench  the  River 
Alt  meandering  over  the  shore  has  made  great  inroads  on  the  Post- 
Glacial  deposits,  which  compose  the  substratum,  fonning  a  subtidal 
river  cliff  of  blue  clay  on  its  western  margin.  Lumps  of  this  clay 
undermined  by  the  currents,  fall,  break  up  into  pieces,  and  get 
rolled  into  boulders  by  the  action  of  the  tide.  The  trench  has 
formed  a  sort  of  trap  for  catching  and  retaining  them.  The  clay- 
boulders  are  in  contact,  and  become  in  the  trench  compacted 
together  into  one  solid  mass,  so  that  if  it  were  converted  into  rock 
its  structure  would  show  in  some  cases  distinct  argillaceous  boulders 
in  a  sandy  argillaceous  matnx,  and  in  others  an  imperceptible 
shading  of  the  boulder  nucleus  into  the  matrix. 

Simply  describing  the  foregoing  facts  for  the  information  of  those 
interested,  I  leave  geologists  to  apply  the  explanation  to  some  of  the 
conglomerates.  T.  Mbllard  Bkadc 


SIR  RICHARD  GRIFFITH  AND  THE  OLD  RED  SANDSTONE. 

Sib,— The  last  big  talk  I  had  with  the  late  Sir  Richard  Griffith 
was  immediately  before  the  British  Association  Meeting  in  Belfast, 
and  it  was  on  my  work  in  West  Galway  and  Mayo.  Previous  to  it 
I  bad  left  my  maps  and  sections  with  him  to  examine  after  ex- 
plaining them.  During  this  conversation  we  discussed  the  age 
of  the  Louisburgh  Toormakeady  and  Croogh  Moyle  beds  which  had 
been  examined  and  proved  to  be  of  Silurian  age,  and  Griffith  pointed 
out  that  the  Curlew  Mountain  rocks  and  those  near  Firodes  be  always 
believed  to  be  of  the  same  age  and  to  be  about  equivalent  to  the  Dingle 
beds,  "  but  I  never,"  said  he,  **  had  time  to  examine  them  carefully, 
and  I  left  them  in  the  Old  Red  Sandstone  because  they  were  very 
like  the  conglomerates  of  the  Comeraghs  Gaiters  and  Knockmeal- 
down  Hills."  He  also  pointed  out  that  there  was  a  decided  un- 
conformability  in  the  rock^  said  to  belong  to  the  **01d  Red  Sandstone 
formation  "  in  Ireland ;  while  the  newer  rocks  so  called  seemed  to 
be  on  difterent  geological  horizons.  He  concluded  by  saying,  "  My 
work  must  remain  as  it  is,  but  the  working  out  of  the  question  has 
still  to  be  done,"  or  words  to  that  effect.  Since  then  I  have  been 
carefully  examining  into  the  question,  starting  on  what  was  suggest- 
ed to  me  by  Griffith,  and  the  results  of  my  labours  will  be  found  in 
my  recently  published  Manual  of  Irish  Geology.  This  is  sufficient 
to  say  at  the  present,  as  I  hope  tb  enter  fully  into  the  history  of  the 
subject  in  a  paper  to  be  read  before  the  Royal  Geological  Society  of 
Ireland.  G.  Henby  Kinahan. 

OvocA,  Ireland,  6lh  November,  1878. 
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THE  FOSSIL  ANOMODOXTIA  OF  SOUTH  AFRICA. 

Sib, — ^In  the  Geolooigal  Magazink,  p.  369,  is  a  notice  of  a  paper 
by  Prof.  Seeley  on  Procolophon,  in  which  he  remarked  on  the 
presence  of  two  distinct  nares  in  this  fossil.  At  the  time  the  fossils 
were  sent  to  Professor  Owen  from  this  museum,  we  had  not  received 
any  but  specimens  more  or  less  defective,  especially  at  the  apex, 
but  I  had  already  requested  Mr.  Donald  White,  on  whose  farm  at 
Donnybrook  they  have  as  yet  only  been  found,  to  try  to  get  some 
examples  which  would  show  the  nostrils,  lliis  he  has  done ;  and 
I  have  now  before  me  a  specimen  in  which  the  two  distinct  nares 
are  excellently  shown.  With  regard  to  Professor  Seeley*s  idea  that 
the  Procolaphan  is  a  parent  type  from  which  the  dental  modifica- 
tions of  Anomodontia  have  been  derived,  I  would  point  out  that 
Tafelberg,  on  which  the  farm  Donnybrook  is  situated,  occupies  a 
geological  position  much  higher  than  that  of  the  Karoo-beds  in 
which  Dicynodon  is  found.  Hitherto  this  Tafelberg,  formed  of 
horizontal  beds,  is  the  only  place  where  Procolophon  has  been  found, 
80  that  it  is  improbable  that  it  can  have  been  the  parent  type  of  the 
Anomodontia,  without  we  make  the  assumption  that  it  appeared  at  a 
much  earlier  time  than  that  for  which  we  have  any  evidence.  Above 
the  beds  of  the  Tafelberg  rise  the  equally  horizontal  and  conformable 
beds  of  the  Stormberg,  and  in  neither  of  these,  so  far  as  I  know, 
have  any  Dinosaurs  or  Anomodontia  been  found. 

Albany  Museum,  Grahamstown,  B.  J.  Glanville, 

Caps  of  Good  Hops,  12M  S€pt.f  1878.  Curator. 

PALEOZOIC  CEPHALOPODA. 

Snt, — ^Will  you  allow  me  to  ask  my  brother-geologists,  through 
the  pages  of  your  Magazine,  for  the  loan  of  any  examples  of  British 
Palseozoic  Cephalopods  which  they  may  think  of  sufficient  interest 
to  be  noticed  in  a  general  work  on  that  group,  or  likely  in  any  way  to 
throw  light  upon  the  subject.  Having  been  favoured  with  a  Govern- 
ment grant  in  aid  of  the  publication  of  a  "  Synopsis  of  British  Fossil 
Cephalopoda,"  I  hope  very  shortly  to  offer  the  first  part  for  subscrip- 
tion, which  will  include  the  Palaeozoic  portion  and  be  amply  illustrated. 
I  am  desirous  of  making  it  as  complete  an  account  of  our  British 
fauna  as  possible,  and  this  can  only  be  done  by  the  kind  co-operation 
of  those  who  have  valuable  specimens  in  their  collections,  which,  if  en- 
trusted to  me,  I  need  hardly  say,  will  be  returned  in  good  condition. 

11,  Gaubbn  Boad,  Clapham,  S.W.  J.  F.  Blake. 

THE  BOULDER  CLAY  OF  YORKSHIBE. 

Sir, — ^Until  recently,  I  was  not  aware  that  the  existence  of  shells 
in  the  "  Purple  "  Boulder-clay  north  of  Flambro  (the  "  Purple  clay 
without  chalk"  of  Mr.  S.  V.  Wood),  had  already  been  pointed  out 
in  a  paper  by  Mr.  Leckenby  "  On  the  Boulder-Clay  of  East  York- 
shire," Brit  Assoc.  1864,  and  more  recently  by  Dr.  J.  Gwyn 
Jeffreys  in  a  *'  Note  on  the  so-called  Crag  of  Bridlington  "  (Rep. 
Brit  Assoc.  1874).  By  a  clerical  error,  the  wrong  initials  have  been 
affixed  to  my  name  in  the  paper  published  in  your  last  Number,  p.  509. 

BRmuNOTOir  Quay,  N§9,  16/A,  1878.  G.  W.  Lahplugh. 
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PROFESSOR  ROBERT  HARKNESS,  F.R.S.,  F.G.S. 

BoBK  28th  July,  1816.    Dibd  4th  Octobbb,  1878. 

(With  a  Pobtratt.)' 

Those  who  have  taken  an  active  part  in  geological  science  during 
the  last  quarter  of  a  century  must  nave  been  profoundly  impressed 
by  the  large  number  of  notable  geologists  who  have  passed  away 
within  that  period. 

But  the  cause  may  readily  be  discerned  when  we  remember  that 
our  science  has  only  occupied  a  recognized  position  for  about  fifty 
years,  and  that  the  young  men,  who  were  then  its  most  active  pro- 
moters, have  to  a  large  extent  fulfilled  their  allotted  three-score 
years  and  ten  within  this  period,  a£fording  ample  testimony  to  the 
healthful  nature  of  geological  pursuits. 

In  a  few  instances,  we  have  lost  from  our  front  ranks  men  whom 
we  had  hoped  to  see  still  in  their  accustomed  places  for  years  to 
come;  but  such  special  losses  may  have  arisen  from  overwork 
hastened  by  organic  disease ;  and  it  is  to  be  feared  that  this  was 
most  probably  the  case  with  our  late  lamented  friend  Professor 
Harkness. 

Born  at  Ormskirk,  Lancashire,  July  28th,  1816,  Robert  Harkness 
was  sent  at  an  early  age  to  the  High  School,  Dumfries,  where  under 
Dr.  Duncan's  care  he  received  his  primary  education.  Subsequently 
he  entered  the  University  of  Edinburgh,  and  here  he  seems  to  have 
acquired  his  first  love  for  geological  science  while  attending  the 
lectures  of  Professor  Jamieson  and  Professor  James  D.  Forbes. 
After  the  completion  of  his  academic  studies,  he  devoted  himself 
entirely  to  his  favourite  pursuits  of  chemistry  and  geology. 

Mr.  Harkness's  earliest  researches  seem  to  have  been  directed 
to  the  investigation  of  that  most  attractive  field  of  study  to 
geologists,  the  Carboniferous  formation,  his  first  paper  being  on 
*'The  Climate  of  the  Coal  Epoch,"  read  before  the  Manchester 
Geological  Society,  in  April,  1843. 

It  is  interesting  to  read  the  views  of  Harkness  in  this  paper, 
and  to  find  them  reiterated  most  remarkably  by  Professor  T.  Sterry 
Hunt,  twenty-four  years  later.'^ 

Mr.  Harkness  writes  : — 

''From  the  foregoing  observations  it  is  evident  that  from  the 
first  dawn  of  animal  life,  and  probably  also  during  the  countless 
ages  which  preceded  the  creation  of  organized  beings,  till  the  period 
when  terrestrial  animals  were  first  called  into  existence,  the  earth 
possessed  a  warmer  and  a  much  more  equable  climate  than  at 
the  present  time.     This  equable  climate  appears  to  have  resulted 


'  For  permission  to  reproduce  this  likeness  of  the  late  Prof.  Harkness,  the  Editor 
is  indebted  to  the  kindness  of  the  proprietors  of  The  Illuatrnted  London  Newn. 

2  See  "The  Chemistrv  of  the  Primjvval  Earth,"  a  lecture  by  Professor  T.  Sterry 
Hunt,  F.R.S.,  F.G.S.,  Gkol.  Mag.  1867,  Vol.  IV.  pp.  365-366. 
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I^te  <Fr Iff essor  of  Geology,  Quee/i's  College,  Cork. 
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from  the  great  density  of  the  atmosphere  which  then  surrounded 
the  globe ;  a  density  originating  fram  the  great  quantity  of  carbonic 
acid  gas  diffused  through  the  atmosphere,  and  destined  to  support 
that  luxuriant  vegetation  which  clothed  the  surface  of  the  earth 
during  the  coal  era,  and  which  is  now  deposited  amongst  the 
strata  which  constitute  the  solid  crust  of  the  globe.  This  dense 
atmosphere,  from  its  capacity  for  absorbing  heat,  prevented,  during 
the  period  when  the  solar  rays  fall  most  obliquely  on  any  part  of 
the  earth's  surface,  the  dissipation  of  that  heat  acquired  by  the 
earth  during  the  time  when  the  sun*s  rays  fall  most  directly,  and 
consequently  prevented  the  occurrence  of  that  degree  of  cold  which 
is  so  common  to  our  present  climate.  By  this  means,  most  pro- 
bably, have  regions  which  are  at  present  clothed  with  ice  been 
rendered  fit  for  the  alK>de  of  plants,  which  indicate  a  tropical 
climate ;  and  to  this  cause  may  be  attributed  that  uniform  tempera- 
ture which  existed  during  the  earlier  geological  epochs,  and  which 
we  are  justified  in  supposing  to  have  prevailed  from  the  extensive 
geographical  distribution  of  analogous  forms  of  extinct  vegetables." 

In  the  same  year  (1843)  Mr.  Harkness  communicated  to  the 
Geological  Society  of  London  a  paper,  "  On  Changes  in  the  Tem- 
perature of  the  Earth,  as  a  Mode  of  accounting  for  the  Subsidence  of 
the  Ocean,  and  for  the  consequent  Formation  of  Sea-beaches  above 
its  present  Level."  But  it  must  not  be  supposed  from  this  that 
Harkness  was  merely  a  theoretical  geologist;  on  the  contrary,  it 
was,  as  his  papers  testify,  in  the  field  that  he  excelled.  Even 
in  these  early  years  we  find  him  in  the  Coal-measures  exploring  and 
demonstrating  with  Mr.  Binney  the  connexion  between  Sigillarian 
stems  and  Stigmarian  roots  at  St.  Helen's;  tracing  reptilian  foot- 
prints in  the  Bunter  of  Cheshire,  and  Dumfriesshire ;  working  out 
the  Silurians  of  Dumfriesshire  and  Kirkcudbrightshire,  and  describ- 
ing fourteen  species  of  Graptolites  discovered  by  himself  in  a 
country  hitherto  very  little  explored,  and  where  fossils  were  not 
known  to  exist 

It  is  not  surprising  to  find  him,  when  a  candidate  for  the  Chair 
of  Geology  in  Queen's  College,  Cork,  in  1863,  supported  by  Prof. 
Jamieson,  Lieut.-Col.  Portlock,  Professor  James  Niool,  Hugh  E. 
Strickland,  Sir  H.  T.  de  la  Beche,  Sir  W.  Jardine,  Prof.  Phillips, 
Prof.  Williamson,  J.  Beete  Jukes,  and  many  others.  He  was 
appointed  to  succeed  Professor  Niool  in  that  year,  but  his  duties 
in  Queen's  College  did  not  deprive  geology  of  his  active  labours  in 
the  field ;  he  simply  added  new  explorations  to  his  former  areas, 
and  we  find  him  at  work,  "  On  the  Geology  of  the  Dingle  Pro- 
montory, Ireland" ;  "The  Lignites  of  the  Giant's  Causeway" ;  "The 
Devonian  Rocks  around  Cork " ;  "  The  Serpentines  of  Connemara"  ; 
"  The  Annelide  Tracks  of  County  Clare  "  ;  and  many  other  subjects 
in  connexion  with  Irish  geology ;  "  On  the  Silurian  Bocks  of  Cumber- 
land and  Westmoreland  " ;  "  The  Permians  of  the  North- West  of 
England  " ;  but  it  was  especially  the  geology  of  the  Lake  District 
latterly  which  engaged  his  attention. 

About  1876  the  syllabus  for  the  Queen's  Colleges  in  Ireland  was 
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altered,  and  Prof.  Harkness  found  himself  no  longer  merely  Professor 
of  Geology,  but  required  to  lecture  on  Physical  Geography,  Geology, 
Mineralogy,  Palsaontology,  Zoology,  and  Botany  I  He  oomplied  with 
the  new  regulations  for  1877  and  1878,  but  he  was  overworking 
himself,  and  being  warned  by  premonitory  symptoms  of  heart  disease, 
he  resolved  to  resign  his  Chair  at  Cork,  and  rest  quietly  with  Lis 
sister  in  Penrith,  where  for  some  years  he  had  made  his  home.  This 
he  had  done  just  previous  to  his  last  visit  to  Dublin  in  October  which 
proved  fatal. 

One^  who  was  intimately  acquainted  with  Professor  Harkness 
and  his  labours  thus  writes  : — 

''  It  is  now  some  five-and-thirty  years  since  the  name  of  this  able 
geologist  first  appeared  as  a  writer  on  his  favourite  science.  During 
this  long  period  he  had  explored,  on  foot,  the  geology  of  laige  dis- 
tricts in  the  north  of  England,  in  Scotland,  and  in  various  parts  of 
Ireland.  The  reports  of  the  British  Association  and  the  Qnarterlj 
Journal  of  the  Geological  Society  bear  witness  to  his  industry  and 
to  the  painstaking  minuteness  of  his  method  of  investigation.  To 
him  we  owe  our  earliest  exact  information  regarding  the  correlatives 
of  the  reptiliferous  sandstones  of  Dumfriesshire  and  Cumberland. 
It  was  his  patient  labours  continued  year  after  year  over  ground 
most  difiBcult  to  unravel,  that  led  the  way  to  the  working  out  of  the 
structure  of  the  Silurian  uplands  of  the  south  of  Scotland.  To  his 
research,  too,  is  due  the  identification  of  the  metamorphic  rocks  of 
the  north-west  of  Ireland  with  those  of  the  west  of  Scotland.  To 
the  elucidation  of  every  one  of  the  Palaeozoic  system  of  deposits 
he  has  contributed  something  of  value. 

"  But  important  as  was  his  scientific  work,  it  had  not  a  wider  and 
more  hearty  recognition  among  bis  brother  geologists  than  his  own 
admirable  qualities  of  bead  and  heart.  Who  that  has  been  privi- 
leged with  his  friendship  will  not  clierish  the  memory  of  his 
earnestness  over  even  the  driest  of  details,  his  quiet  enthusiasm,  bis 
generous  admiration  for  the  work  of  others,  his  unfailing  cheerful- 
ness ?  Who  will  forget  that  beaming  ruddy  face,  never  absent  from 
the  platform  of  Section  C  at  the  British  Association  meetings, 
always  ready  to  rise  among  the  speakers  there  and  to  reaj)pear  al 
the  festive  gatherings  in  the  evening  ?  There  have  been  men  who 
have  graven  their  names  more  deeply  on  the  registers  of  scientific 
thought  and  progress,  but  there  have  been  few  whose  sunny  nature 
has  more  endeared  them  in  the  recollection  of  their  friends  than 
Robert  Harkness.'* 

Professor  Harkness  was  the  author  of  sixty-three  papers,  six  of 
which  were  joint  productions  (1)  with  Mr.  John  Blyth,  (1)  with 
Edward  W.  Binney,  F.R.S.,  (1)  with  Dr.  Henry  Hicks,  (1)  ^ith 
Sir  Roderick  I.  Murchison,  (2)  with  Prof.  H.  Alleyne  Nicholson. 
Eight  of  his  papers  have  appeared  in  the  pages  of  the  Geological 
Magazine,  but  they  are  for  the  most  part  in  the  Quarterly  Journal 
of  the  Geological  Society  and  the  Reports  of  the  British  Association. 

*  Professor  A.  Geikie,  F.R.S.,  "Nature,"  Oct.  10,  p.  628. 
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